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(54) Method for driving a plasma display panel 

(57) The object of the invention is to provide a 
method for driving a plasma display panel that provides 
an improved expression of levels of halftone as well as 
an improved display quality. In N sub-fields constituting 
a display period of one field, when a pixel data writing 
step for setting discharge cells to either one of non-light- 
emitting cells or light-emitting cells in response to pixel 
data and a light-emission sustaining step for allowing 
only the aforementioned light-emitting cells to emit light 
only during a light-emission period corresponding to 
weights assigned to the sub-fields respectively are exe- 
cuted, the light-emission period in the light-emission 
sustaining step of the respective sub-fields is changed 
field by field or frame by frame. According to another 
aspect, the invention allows for carrying out selectively a 
first drive pattern or a second drive pattern. The first 
drive pattern is carried out by alternating, field by field 
(frame by frame) in response to the type of input video 
signals, first and second light-emission drive sequences 
which have mutually different ratios of the number of 
times of light-emissions in the light-emission sustaining 
step during one field (one frame). The second drive pat- 
tern is carried out by alternating, field by field (frame by 
frame) in response to the type of input video signals, 
third and fourth light-emission drive sequences which 
have mutually different ratios of the number of times of 
light-emissions in the aforementioned light-emission 



sustaining step. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001 ] The present invention relates to a method for 
driving a plasma display panel (hereinafter designated 
"PDP") which employs a matrix display scheme. 

2. Description of Related Art 

[0002] As a type of PDP employing such a matrix 
display scheme, known is an AC (alternating current 
discharge) type PDP. 

[0003] The AC type PDP comprises a plurality of 
column electrodes (address electrodes) and a plurality 
of row electrodes that are orthogonal to the column 
electrodes, and a pair of row electrodes form a scan 
line. Each of these row and column electrodes is coated 
with a dielectric layer exposed to a discharge space, 
and the intersection of a row electrode and a column 
electrode defines a discharge cell corresponding to one 
pixel. 

[0004] With this construction. PDP operates by dis- 
charge phenomenon and thus the aforementioned dis- 
charge cell has only two states, that is, a light-emitting" 
state and a "non-light-emitting" state. Accordingly, in 
order to implement a brightness display of a halftone 
with such PDP, a sub-field method is employed. Accord- 
ing to the sub-field method, the display period of one 
field is divided into N sub-fields. Then, each of the sub- 
fields is assigned with a light emitting period (the 
number of light emissions) having a length of time cor- 
responding to the weight assigned to each bit digit of 
pixel data (N bits) for light-emission. 
[0005] For example, as shown in Fig. 1 1, in the case 
where one field period is divided into 6 sub-fields, SF1 
to SF6, light is emitted by the following ratio of light 
emission periods. That is, 

SF1: 1 
SF2:2 
SF3:4 
SF4:8 
SF5: 16 
SF6: 32 

[0006] As shown in Fig. 1 , when the Discharge cell 
is to emit light at brightness "32", only SF6 of sub-fields 
SF1 to SF6 is allowed for emitting light On the other 
hand, for light emission at brightness "31", sub-f ields 
SF1 to SF5, except for sub-field SF6, are caused to emit 
light. This enables an expression of brightness with 64 
levels of halftone. 

[0007] As is evident from the sequence in Fig. 1 , the 
number of sub-fields may be increased to increase the 
number of levels of halftone 



[0008] However, a pixel data writing step is required 
for selecting light-emitting cells within one sub-field. 
Thus, an increase in the number of sub-fields would 
lead to an increase in the number of repetitions of the 
pixel data writing step that should be performed in one 
field. This causes the time assigned to the light-emis- 
sion period (the length of time of the fight-emission sus- 
taining step) in one field period to become relatively 
short, thereby causing a decrease in brightness. 
[0009] Therefore, it is necessary to perform multi- 
level gray scale processing in a specified manner for a 
video signal itself in order to implement a video display 
such as a television video image display by means of 
PDP. For example, as a scheme for multi-level gray 
scale processing, error diffusion processing is well 
known. The error diffusion processing is a method that 
adds an error between the pixel data corresponding to a 
pixel (a discharge cell) and a predetermined threshold 
value to the pixel data corresponding to a peripheral 
pixel in order to increase the number of levels of half- 
tone in an apparent manner. 

[0010] However, the fewer the number of levels of 
halftone, the greater the patterns of error diffusion 
become conspicuous, thereby presenting a problem in 
reducing the S/N ratio. 

O&JEQT AND SUMMARY QF THE INVENTION 

[0011] The present invention has been developed 
to solve the aforementioned problem. An object of the 
present invention is to provide a method for driving a 
plasma display panel that can provide an improved dis- 
play quality and an improved gray scale expression. 
[0012] The method for driving a plasma display 
panel, according to the present invention, is a method 
wherein discharge cells are formed corresponding to 
pixels at respective intersections between a plurality of 
row electrodes disposed in an array for respective scan 
Gnes and a plurality of column electrodes disposed in an 
array crossing said row electrodes. The method com- 
prises the steps of executing, in each of N (N being a 
natural number) sub-fields constituting a display period 
of one field, a pixel data writing step for setting said dis- 
charge cells to either one of non-light-emrtting cells or 
light-emitting ceils in response to pixel data, and a light- 
emission sustaining step for allowing only said light- 
emitting cells to emit light only during a light-emission 
period corresponding to each of weights assigned to 
said sub-fields respectively, wherein the fight-emission 
period in the light-emission sustaining step of each of 
the sub-fields is changed field by field or frame by 
frame. 

[0013] The method for driving a plasma display 
panel, according to another aspect of the present inven- 
tion, is a method wherein discharge cells are formed 
corresponding to pixels at respective intersections 
between a plurality of row electrodes disposed in an 
array for respective scan Gnes and a plurality of column 
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electrodes disposed in an array crossing said row elec- 
trodes. The method has a light-emission drive 
sequence of executing a pixel data writing step for set- 
ting, in each of N (N bing a natural number) divided dis- 
play periods constituting a unit display period, the 
respective discharge cells to either one of non-light- 
emitting cells or light-emitting cells in response to N-bit 
display drive pixel data obtained by applying the multi- 
level gray-scale processing to input video signal in the 
respective divided display periods, and executing a 
light-emission sustaining step for allowing only said 
light-emitting cells to emit light only by the number of 
times correspond ng to weights assigned to said 
respective divided display periods. The light-emission 
drive sequence comprises a first drive pattern carried 
out by alternating, at intervals of the unit display period, 
first and second light-emission drive sequences which 
have the ratios of the number of times of light-emissions 
different from each other in the light-emission sustaining 
step of each of the N divided display periods, and a sec- 
ond drive pattern carried out by alternating, at intervals 
of the unit display period, third and fourth light-emission 
drive sequences which have said ratios of the number of 
times of light-emissions different from each other in the 
light-emission sustaining step of each of the N divided 
display periods. The first drive pattern and the second 
drive pattern are selectively executed in accordance 
with the type of said input video signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Fig. 1 is a view showing a conventional light-emis- 
sion drive format for implementing a display with 64 
levels of halftone. 

Fig. 2 is a view showing the general configuration of 
a plasma display device for driving a plasma display 
panel in accordance with the drive method of the 
present invention. 

Fig. 3 is a view showing an example of an applica- 
tion timing of various drive pulses to be applied to 
PDP 10. 

Figs. 4A and 48 are views showing a light-emission 
drive format in accordance with the drive method of 
the present invention. 

Fig. 5 is a view showing an example of a pattern of 
a light-emission drive to be performed in accord- 
ance with the light-emission drive format shown in 
Figs. 4A and 48. 

Fig. 6 is a view showing the internal configuration of 
a data converter 30. 

Fig. 7 is a view showing the internal configuration of 
an ABL circuit 31. 

Fig. 8 is a view showing the conversion characteris- 
tics of the data converter 3 1 2. 
Figs. 9A and 9B are views showing the correspond- 
ence between the brightness mode and the period 



of light-emission performed at each sub-field. 
Fig. 10 is a view showing the internal configuration 
of a first data converter 32. 
Fig. 1 1 is a view showing first conversion character- 

s istics of a first data converter 32. 

Fig. 12 is a view showing second conversion char- 
acteristics of a first data converter 32. 
Fig. 13 is a conversion table in accordance with the 
conversion characteristics shown in Fig. 1 1 and Fig. 

10 12. 

Fig. 1 4 is a conversion table in accordance with the 
conversion characteristics shown in Fig. 1 1 and Fig. 
12. 

Fig. 15 is a view showing the internal configuration 
15 of multi-level gray scale processing circuit 33. 

Fig. 16 is an explanatory view showing the opera- 
tion of an error diffusion processing circuit 330. 
Fig. 1 7 is a view showing the internal configuration 
of a dither processing circuit 350. 
20 Fig. 18 is an explanatory view showing the opera- 
tion of the dither processing circuit 350. 
Fig. 19 is a view showing ail patterns of light-emis- 
sion drive to be performed in accordance with the 
light-emission drive format shown in Figs. 4A and 
25 48, and an example of a conversion table to be 
used by a second data converter 34 for performing 
this light-emission drive. 

Fig. 20 is a view showing the relationship between 
two types of light-emission brightness for 9 levels of 
30 halftone (display brightness levels) and the input 
pixel data D. 

Figs. 21 A and 21 B are views showing a light-emis- 
sion drive format used when a selective write 
addressing method is employed. 
as Fig. 22 is a view showing an example of an applica- 
tion timing of various drive pulses to be applied to 
PDP 10 when the selective write addressing 
method is employed. 

Fig. 23 is a view showing all patterns of light-emis- 
40 si on drive to be performed when the selective write 
addressing method is employed, and an example of 
a conversion table to be used by a second data 
converter 34 for performing this light-emission 
drive. 

45 Fig. 24 is a view showing a specific operation of the 
drive method shown in Fig. 3 through Fig. 23. 
Figs. 25A and 25B are explanatory views showing a 
displacement of the center of gravity of light-emis- 
sion caused by the light-emission drive in respec- 

50 tive drive modes (A) and (B). 

Figs. 26A and 26B are views showing an example 
of a light-emission drive format for preventing f ick- 
ering caused by a displacement of the center of 
gravity of light-emission caused by the light-emis- 

55 si on drive in respective drive modes (A) and (B). 

Figs. 27A and 27B are views showing another 
example of a light-emission drive format for pre- 
venting flickering caused by a displacement of the . 
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center of gravity of light-emission caused by the 
light-emission drive in respective drive modes (A) 
and(B). 

Figs. 28A and 28B are views showing light-emis- 
sion drive formats for use in the light-emission drive s 
to be performed by switching the drive modes (A) 
and (B) for each row, or each row and field (frame). 
Fig. 29 is an explanatory view showing the opera- 
tion when the drive modes (A) and (B) are switched 
for each row and each field (frame) for light-emis- 10 
sion drive. 

Fig. 30 is a view showing another example of a 
light-emission drive pattern when a selective erase 
addressing method is employed. 
Fig. 31 is a view showing another example of a is 
light-emission drive pattern when the selective write 
addressing method is employed. 
Fig. 32 is a view showing the general configuration 
of a plasma display device for driving a plasma dis- 
play panel in accordance with the drive method of 20 
the present invention. 

Fig. 33 is a view showing the internal configuration 
of a data converter 300. 

Fig. 34 is a view showing the internal configuration 
of an ABL circuit 301 . 25 
Fig. 35 is a view showing the conversion character- 
istics of the data converter 312. 
Fig. 36 is a view showing the internal configuration 
of a first data converter 302. 

Figs. 37A and 37B are views showing the data con- 30 
version characteristics for use in the first data con- 
verter 302 when TV signals are designated as 
input 

Figs. 38A and 38B are views showing the data con- 
version characteristics for use in the first data con- 35 
verier 302 when PC video signals are designated 
as input. 

Fig. 39 is a view showing the internal configuration 
of a multi-level gray scale processing circuit 303. 
Fig. 40 is a view showing the internal configuration 40 
of a dither processing circuit 350. 
Fig. 41 is a view showing respective values of dither 
coefficients a to d for each type of input video sig- 
nal. 

Fig. 42 shows a conversion table of a second data 45 
converter 304, and the light- emission drive pattern 
and display brightness which are provided by the 
display drive pixel data QD obtained by the conver- 
sion table. 

Fig. 43 is a view showing the application timing of so 
various types of drive pulses to be applied to PDP 
10 during one field display period during the selec- 
tive erase addressing method. 
Figs. 44 A and 44B are views showing the corre- 
spondence between each of the brightness modes ss 
and the number of times of application of sustain 
pulse IP at each of the light- emission sustaining 
stepes Ic in each of the sub-fields SF1 to SF12 



when TV signals are designated as input. 
Figs. 45A and 45B are views showing the corre- 
spondence between each of the brightness modes 
and the number of times of application of sustain 
pulse IP at each of the light-emission sustaining 
stepes Ic in each of sub-fields SF1 to SF12 when 
PC video signals are designated as input 
Figs. 46A and 46B are views showing an example 
of the light-emission drive sequence to be per- 
formed when TV signals are designated as input. 
Figs. 47A and 47B are views showing an example 
of the light-emission drive sequence to be per- 
formed when PC video signals are designated as 
input. 

Fig. 48 is a view showing the display brightness 
characteristics corresponding to input video signals 
when TV signals are designated as input. 
Fig. 49 is a view showing the positional relationship 
between each of the gray scale brightness points 
obtained by the light-emission drive sequence 
shown in Figs. 46 A and 46B, and each of the gray 
scale brightness points obtained by the error diffu- 
sion and dither processing in region E1 of Fig. 48. 
Fig. 50 is a view showing the display brightness 
characteristics corresponding to input video signals 
when PC video signals are designated as input. 
Fig. 51 is a view showing the positional relationship 
between each of the gray scale brightness points 
obtained by the light-emission drive sequence 
shown in Figs.47A and 47B, and each of the gray 
scale brightness points obtained by the error diffu- 
sion and dither processing in region E2 of Fig. 50. 
Fig. 52 is a view showing the application timing of 
various types of drive pulses to be applied to PDP 
10 during one field display period during the selec- 
tive write addressing method. 
Figs. 53A and 53B are views showing the light- 
emission drive sequence (when the selective write 
addressing method is employed) to be performed 
when signals designated as input are TV signals. 
Figs. 54A and 54B are views showing the light- 
emission drive sequence (when the selective write 
addressing method is employed) to be performed 
when signals designated as input are TV signals. 
Fig. 55 shows a conversion table of a second data 
converter 304 used when the selective write 
addressing method is employed, and the light-emis- 
sion drive pattern and display brightness which are 
provided by the display drive pixel data QD 
obtained by the conversion table. 
Fig. 56 shows an example of a conversion table of 
a second data converter 304 used when the selec- 
tive erase addressing method is employed, and the 
light-emission drive pattern and display brightness 
which are provided by the cfispiay drive pixel data 
QD obtained by the conversion table. 
Fig. 57 shows an example of a conversion table of 
a second data converter 304 used when the selec- 
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five write addressing method is employed, and the 
light-emission drive pattern and display brightness 
which are provided by the display drive pixel data 
QD obtained by the conversion table. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBQPIMENTS 

[0015] The embodiments of the present invention 
will be explained below with reference to the drawings. 
[0016] Fig. 2 is a view showing the general configu- 
ration of a plasma display device for driving a plasma 
display panel (hereinafter designated "PDP") to allow it 
to emit light in accordance with the drive method of the 
first embodiment of the present invention. 
[0017] Referring to Fig. 2. an A/D converter 1 sam- 
ples an analog input video signal in response to a clock 
signal supplied by the drive control circuit 2 to convert 
the video signal into, for example, 8-bit pixel data (input 
pixel data) D for each pixel. Then the data is supplied to 
the data converter 30. 

[0018] The drive control circuit 2 generates clock 
signals for the aforementioned A/D converter 1 and 
write/read signals for the memory 4 in synchronization 
with the horizontal and vertical synchronizing signals 
included in the aforementioned input video signal. Fur- 
thermore, the drive control circuit 2 generates various 
timing signals for controilaWy driving each of an address 
driver 6, a first sustain driver 7. and a second sustain 
driver 8 in synchronization with the horizontal and verti- 
cal synchronizing signals. 

[0019] The data converter 30 converts the 8-bit 
pixel data D into 8-bit converted pixel data (display pixel 
data) HD which is in turn supplied to the memory 4. Inci- 
dentally, the conversion operation of the data converter 
30 is to be described later. 

[0020] The memory 4 performs writing sequentially 
the converted pixel data HD mentioned above in 
accordance with write signals supplied by the drive con- 
trot circuit 2. After data for one screen (n rows and m 
columns) has been written through the write operation, 
the memory 4 divides the converted pixel data HD-t^nm 
for one screen into each bit digit for reading, which is in 
turn supplied sequentially to the addressing driver 6 for 
each one line. 

[0021] The addressing driver 6 generates, in 
accordance with a timing signal supplied by the drive 
control circuit 2, m pulses of pixel data having voltages 
corresponding to respective logic levels of the con- 
verted pixel data bits for a line which are read from the 
memory 4. These pulses are applied to column elec- 
trodes D-, to D m of PDP 10, respectively. 
[0022] The PDP 10 comprises the aforementioned 
column electrodes D 1 to D m as address electrodes, and 
rcw electrodes to X n and row electrodes Y 1 to Y n , 
which are disposed orthogonal to the column elec- 
trodes. The PDP 10 allows a pair of a row electrode X 
and a rcw electrode Y to form a row electrode corre- 



sponding to one line. That is, in the PDP 10, the row 
electrode pair of the first line consists of row electrodes 
and Y-, and the row electrode pair of the nth line con- 
sists of row electrodes and Y n . The aforementioned 

s pairs of row electrodes and column electrodes are 
coated with a dielectric layer exposed to a discharge 
space, and each row electrode pair and column elec- 
trode are configured so as to form a discharge cell cor- 
responding to one pixel at their intersection. 

w [0023] In accordance with a timing signal supplied 
by the drive control circuit 2, the first and second sustain 
drivers 7 and 8 generate the various drive pulses, 
respectively, which are to be explained below. These 
pulses are in turn applied to the row electrodes X 1 to X„ 

is and Y! to Y n of the PDP 10. 

[0024] Fig. 3 is a view showing the application tim- 
ing of various drive pulses which are applied to the col- 
umn electrodes D 1 to D m , and the row electrodes X 1 to 
Xf, and Yi to Y n by the aforementioned address driver 6, 

20 and the first and second sustain drivers 7 and 8, respec- 
tively. 

[0025] In the example shown in Fig. 3, a display 
period of one field is divided into 8 sub-fields SF1 to 
SF8 to drive the PDP 10. In each of the sub-fields, the 

2s pixel data writing step Wc is performed to write pixel 
data to each discharge cell of the ceils. The light-emis- 
sion sustaining step Ic is also performed in each of the 
sub-fields to sustain light-emission of only light-emitting 
cells mentioned above for a period (the number of 

30 times) corresponding to the weight assigned to each 
sub-field. Additionally, only in the head sub-field SF1, 
the simultaneous reset process Rc for initializing all cfis- 
charge cells of the PDP 10 is performed and the erase 
process E is executed only in the last sub-field SF8. 

35 [0026] First, in the aforementioned simultaneous 
reset process Rc. the first and second sustain drivers 7 
and 8 apply simultaneously the reset pulses RP X and 
RP Y shown in Fig. 3 to the row electrodes X 1 to X^ and 
Y., to Y n of the PDP 10. respectively. The application of 

40 these reset pulses RP X and RP Y will cause all dis- 
charge cells of the PDP 10 to be reset and discharge, 
forming a predetermined uniform wall charge in each of 
the discharge cells. This will set all discharge cells of the 
PDP 10 to the aforementioned light-emitting cells. 

45 [0027] Next, in each pixel data writing step Wc of 
Fig. 3, the address driver 6 applies sequentially pixel 
data pulse groups DPI^ DP2 1 . n , DPS^n, DPI^ 
n ... DP 8-1^ for respective lines to the column electrodes 
D 1 to D m as shown in Fig. 3. That is. in the sub-field 

so SF1 , the address driver 6 applies sequentially a pixel 
data pulse group DP1 1-n to the column electrodes D 1 to 
D m for each one of the lines to the column electrodes D 1 
to D m as shown in Fig. 3. Said pixel data pulse group 
DPI^n corresponds to each of the first to the nth line 

55 and is generated in accordance with the first bit of each 
of the aforementioned converted pixel data HD^^. 
Moreover, in the sub-field SF2, the address driver 6 
applies sequentially a pixel data pulse group DP2 1 . n to 
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the column electrodes D 1 to D m for each one of the fines 
to the column electrodes D t to D m as shown in Fig. 3, 
said pixel data pulse group DP2 1 . n being generated in 
accordance with the second bit of each of the aforemen- 
tioned converted pixel data HDn.nm- A* this time, the 
address driver 6 generates high-tension pixel data 
pulses to apply them to the column electrodes D only 
when the bit logic of the converted pixel data is. for 
example, a logic level of "1". The second sustain driver 
, 8 generates the scan pulses SP shown in Fig. 3 to apply 
them in sequence to the row electrodes Y 1 to Y n at the 
same time as the application timing of each of the pixel 
data pulse groups. At this time, discharge (selective 
erase discharge) is caused only at the discharge cells 
located at the intersections of the "lines" to which the 
scan pulse SP is applied and the "columns" to which a 
high-tension pixel data pulse is applied. The wall 
charges remaining within the discharge cells are selec- 
tively erased. The selective erasing discharge causes 
the discharge cells that have been initialized into the 
light-emitting status at the aforementioned simultane- 
ous reset process Rc to change to the non-light-emrtting 
state. Incidentally, no discharge is generated in the dis- 
charge cells that are formed in the "columns" to which 
the aforementioned high-tension pixel data pulse has 
not been applied but to the state of being initialized at 
the aforementioned simultaneous reset process Rc, that 
is, the light-emitting state is sustained. 
[0028] That is, the pixel data writing step Wc is per- 
formed so that the fight-emitting cells where the light- 
emitting state is sustained at the light-emitting sustain 
process to be described later and the non-light-emitting 
cells where an off state remains are set alternatively in 
accordance with pixel data. That is, pixel data is written 
to each of the discharge cella 

[0029] In each light-emission sustaining step Ic 
shown in Fig. 3. the first and second sustain drivers 7 
and 8 apply the sustain pulses IP X and IP Y to the row 
electrodes to and Y 1 to Y n as shown in Fig. 3. At 
this time, the discharge cells where wall charges remain 
by the aforementioned pixel data writing step Wc. that 
is, the light-emitting cells repeat discharge and light- 
emission to sustain their light-emitting state over the 
period of application of the sustain pulses IP X arid IP Y 
thereto. The light-emission sustaining period (the 
number of times) is set corresponding to the weight 
assigned to each sub-field. 

[0030] Figs. 4A and 4B are views showing light- 
emission drive formats in which a light-emission sus- 
taining period (the number of times) for each of the sub- 
fields is described. 

[0031 ] Incidentally, the drive mode (A) of Fig. 4A is 
employed, for example, in light-emission drive of even 
fields (or even frames), while the drive mode (B) of Fig. 
4B is employed in light-emission drive of odd fields (or 
odd frames), light-emission drive of odd fields (or odd 
frames). 

[0032] That is. in the display period of an even field, 



the light-emitting period in the light-emission sustaining 
step Ic of each of the sub-fields SFi to SF8 is set as fol- 
lows as shown in the drive mode (A): 

5 SF1:3 

SF2: 11 

SF3: 20 

SF4: 30 

SF5: 40 
10 SF6: 51 

SF7:63 

SF8: 37 

[0033] In the display period of an odd field, the light- 
15 emitting period in the light-emission sustaining step Ic of 
each of the sub-fields SF1 to SF8 is set as follows as 
shown in the drive mode (B) : 

SF1 : 1 
20 SF2:6 

SF3: 16 

SF4:24 

SF5: 35 

SF6:46 
25 SF7: 57 

SF8:70 

[0034] In the foregoing, the ratio of the light-emis- 
sion period in each of the sub-fields SF1 to SF8 is non- 

30 linear (i.e., inverse Gamma ratio, Y=X 2 *), thereby 
compensating for the non-linear characteristics 
(Gamma characteristics) of input pixel data D. 
[0035] That is, in each light-emission sustaining 
step Ic, only those discharge cells that have been set to 

35 fight-emitting cells in the pixel data writing step Wc per- 
formed Immediately before the process Ic emit light over 
the light-emitting period shown in the drive mode (A) 
during the display period of an even field and in the drive 
mode (B) during the display period of an odd field. 

40 [0036] Additionally, in the erase process E shown in 
Fig. 3. the address driver 6, generates an erase pulse 
AP to apply it to respective column electrodes D 1 . m . 
Furthermore, the second sustain driver 8 generates the 
erase pulse EP simultaneously at the application timing 

45 of the erase pulse AP to apply it to respective row elec- 
trodes Y 1 to Y n . This simultaneous application of the 
erase pulses AP and EP causes erase discharge to be 
generated in all discharge cells of the PDP 10, allowing 
wall charges remaining within all discharge cells to dis- 

so appear. 

[0037] That is, executing the erase process E 
causes all discharge cells of the PDP 1 0 to be turned to 
non-light-emitting cella 

[0038] Fig. 5 is a view showing all patterns of the 
55 light-emission drives to be performed in accordance 
with the fight-emission drive formats shown in Figs. 4A 
and 48. 

[0039] As shown in Fig. 5, the selective erase dis- 
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charge is performed (shown by black circles) for respec- 
tive discharge cells only at the pixel data writing step Wc 
in one sub-field of the sub-fields SF1 to SF8. That is, the 
wall charges formed within ail discharge cells of the 
PDP 10 by the execution of the simultaneous reset 5 
process Rc remain until the aforementioned selective 
erase discharge is performed. The charges promote 
discharge light-emission (shown by white circles) at the 
light-emission sustaining step Ic present over that 
period in respective sub-fields SR That is, each of the w 
discharge cells acts as light-emitting cells in the sub- 
fields shown by the black circles in Fig. 5 until the afore- 
mentioned selective erase discharge is performed. The 
discharge cell continues light-emission at the ratio of the 
light-emission periods shown in Figs. 4A and 48 at the is 
light-emission sustaining step Ic in respective sub-fields 
present until then. 

[0040] At this time, as shown in Fig. 5, the number 
of times at which respective discharge cells change 
from a light-emitting cell to a non-light-emitting cell is 20 
made equal to one or less in one field period without 
exception. That is, in one field period, such a fight-emis- 
sion drive pattern is prohtoited that allows a discharge 
ceil that has been set to a non-light-emitting cell to be 
restored to a light- emitting cell. 25 
[0041] Accordingly, the aforementioned simultane- 
ous reset operation that accompanies intense light- 
emission irrespective of whether no involvement in dis- 
playing picture images may be performed once in one 
field period as shown in Fig. 3, and Figs. 4A and 4B, 30 
thereby allowing for preventing degradation in contrast 
[0042] Furthermore, the selective erase discharge 
is performed only once at most within one field period as 
shown by the black circles of Fig. 5, thereby allowing for 
reducing power consumption thereof. as 
[0043] Still furthermore, as shown in Fig. 5, no such 
light-emitting pattern exists that allows a period of the 
light-emitting state (shown by white circles) of a dis- 
charge cell and a period of a non -light-emitting state to 
be inverted to each other in one field period, so that a 40 
quasi-contour can be prevented. 
[0044] In the foregoing, the light-emission drive pat- 
tern shown in Fig. 5 allows the light-emission drive to be 
performed to express a brightness of 9 levels of halftone 
at the following light-emission brightness ratio as shown 45 
by the light-emission brightness (La) during a display 
period of an even field. That is, 
{0: 3: 14: 34: 64: 104: 155: 218: 255}. 
[0045] On the other hand, during a display period of 
an odd field, the light-emission drive is performed to so 
express brightness of 9 levels of halftone at the follow- 
ing light-emission brightness ratio as shown by the light- 
emission brightness (Lb). That is, 
{0: 1: 7: 23: 47: 82: 128: 185: 255}. 
[0046] That is, two types of 9-level gray-scale light- ss 
emission drives that are different from each other and 
should be carried out at each sub-field are performed 
alternately at each field (frame). According to the drive, 



the integral with respect to time allows the number of 
visual levels of halftone to increase. This prevents dither 
caused by the multi-level gray scale processing and the 
pattern of error diffusion processing to be described 
later from becoming conspicuous and thus provides an 
improved S/N ratio. 

[0047] Fig. 6 is a view showing the internal configu- 
ration of the data converter 30 shown in Fig. 2. 
[0048] As shown in Fig. 6, the data converter 30 
comprises an ABL circuit 31 , a first data converter 32, a 
multi-level gray scale processing circuit 33, and a sec- 
ond data converter 34. 

[0049] The ABL (automatic brightness control) cir- 
cuit 31 tunes the brightness level of the pixel data D of 
respective pixels supplied sequentially by the A/D con- 
verter 1 so that the average brightness of the pixels dis- 
played on the screen of the PDP 10 falls within the 
predetermined range of brightness. Then, the ABL cir- 
cuit 31 supplies the brightness tuning pixel data D BL 
obtained at this time to the first data converter 32. 
[0050] The tuning of brightness levels is carried out 
by setting the ratio of the number of times of light-emis- 
sions of sub-fields non -linearly before the inverse 
Gamma compensation is performed. Thus, the ABL cir- 
cuit 31 tunes automatically the brightness level of the 
aforementioned pixel data D in response to the average 
brightness of the inverse^Qamma-converted pixel data 
obtained by applying the inverse Gamma compensation 
to the pixel data D (input pixel data). This allows for pre- 
venting degradation of the display quality caused by the 
brightness adjustment 

[0051 ] Fig. 7 is a view showing the internal configu- 
ration of the ABL circuit 31 . 

[0052] Referring to Fig. 7, the level tuning circuit 
310 outputs the brightness-tuning pixel data D BL 
obtained by tuning the level of the pixel data D in 
response to the average brightness determined by the 
average brightness detection circuit 311 which is to be 
described later. The data converter 312 converts the 
brightness-tuning pixel data D BL into inverse Gamma 
characteristics (Y-X 2 2 ) having non-linear characteris- 
tics shown in Fig. 8. which is in turn supplied as the 
inverse^ am ma -converted pixel data Dr to the average 
brightness detection circuit 311. That is. the data con- 
verter 312 applies the inverse Gamma compensation to 
the brightness-tuning pixel data D BL . This allows for 
restoring the pixel data (the inverse-Gamma-converted 
pixel data Dr) corresponding to the original video signal 
of which Gamma compensation is undone. The average 
brightness detection circuit 31 1 determines the average 
brightness based on the inverse-Gamma-converted 
pixel data Dr and then supplies the average brightness 
to the aforementioned level tuning circuit 310. 
[0053] Furthermore, the average brightness detec- 
tion circuit 31 1 selects a brightness mode which causes 
the PDP 10 to emit light at an average brightness corre- 
sponding to the aforementioned average brightness, for 
example, from brightness modes 1 to 4 shown in Fig. 9A 
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and 9B. Then, the average brightness detection circuit 
31 1 supplies the brightness mode signal LC that shows 
the brightness mode selected to the drive control circuit 
2. Incidentally, the average brightness detection circuit 
31 1 selects use of the drive mode (A) of Fig. 9A for dis- 
playing even fields, while using the drive mode (B) of 
Fig. 9B for displaying odd fields. At this time, the drive 
control circuit 2 sets the period (i.a . the number of times 
of application of sustain pulses IP) during which light 
emission should be sustained in the light-emission sus- 
taining step Ic of respective sub-fields SF1 to SF8 
shown in Figs. 4A and 4B in accordance with the bright- 
ness mode signal LC shown in Figs. 9A and 9B. 
[0054] At this time, the period of light-emission at 
each sub-field shown in Figs. 4A and 9B shows the 
light-emission period when the brightness mode 1 is 
set tn the case where the brightness mode 2 is set 
light-emission drive is performed at each sub-field for 
the following period of light emission. 
[0055] That is, for even fields, 

SF1:6 
SF2: 22 
SF3:40 
SF4:60 
SF5:80 
SF6: 102 
SF7: 126 
SF8: 74 

[0056] For even fields. 

SF1:2 
SF2: 12 
SF3: 32 
SF4: 48 
SF5:70 
SF6:92 
SF7: 114 
SF8: 140 

[0057] Incidentally, in the driving for emitting light 
the ratio of the number of frequencies of light emissions 
at respective sub-fields SF1 to SF8 is set non-linearly 
(that is. to the inverse Gamma ratio. Y=X 2 2 ). This 
allows the non-linear characteristics (the Gamma char- 
acteristics) of the input pixel data D to be compensated 
for. 

[0058] The first data converter 32 of Fig. 6 converts 
the brightness-tuning pixel data D BL of a 256-level gray 
scale and 8 bits, which is supplied by the aforemen- 
tioned ABL circuit 31 . into the converted pixel data HD P 
of 8 bits (0 to 128). Then, the data converted pixel data 
HD P is supplied to the multi-level gray scale processing 
circuit 33. 

[0059] Fig. 1 0 is a view showing the internal config- 
uration of the first data converter 32. 
[0060] In Fig. 10, a data converter 321 converts the 



aforementioned brightness-tuning pixel data D BL into 
the converted pixel data A of 8 bits (0 to 128). in accord- 
ance with the conversion characteristics shown in Fig. 
1 1 , which is in turn supplied to a selector 322. A data 

5 converter 323 converts the aforementioned brightness- 
tuning pixel data D BL into the converted pixel data B of 
8 bits (0 to 128), in accordance with the conversion 
characteristics shown in Fig. 12, which is in turn sup- 
plied to the selector 322. More specifically, the data con- 

10 verters 321 and 323 convert the brightness-tuning pixel 
data D BL into the converted pixel data A and B in 
accordance with the conversion tables shown in Fig. 13 
and Fig. 14 based on the conversion characteristics 
shown above in Fig. 11 and Fig. 12, respectively. The 

is selector 322 alternatively selects one of the converted 
pixel data A and B which corresponds to the logic level 
of a conversion characteristics selective signal and out- 
puts one of the converted pixel data A or B as the con- 
verted pixel data HD P The conversion characteristics 

20 selective signal is a signal that is supplied by the drive 
control circuit 2 shown in Fig. 2 and shifts, in response 
to the vertical synchronization timing of the input pixel 
data D, from logic level "1" to "0" or "0" to w r . In the 
foregoing, the conversion characteristics of Fig. 11 are 

25 paired with the drive mode (B) of Fig. 4B and the con- 
version characteristics of Fig. 12 are paired with the 
drive mode (A) of Fig. 4A. That is, the selector 322 
selects the converted pixel data B in a field (an even 
field) in which the drive mode (A) of Fig. 4A is set. On 

30 the other hand, the converted pixel data A is selected in 
a field (an odd field) to which the drive mode (B) of Fig. 
4B is set. Then, the data A and B is outputted as con- 
verted pixel data HD P Incidentally, the aforementioned 
Conversion characteristics are set in accordance with 

35 the number of bits of input pixel data, the number of 
compressed bits resulting from multi-level gray scale 
processing, and the number of gray scale levels for dis- 
play. As such, the first data converter 32 is provided at 
the front stage of the multi-level gray-scale processing 

40 circuit 33 to be described later. This allows for perform- 
ing conversion into the number of gray-scale levels for 
display and the number of compressed bits resulting 
from multi-level gray scale processing. This allows the 
brightness-tuning pixel data D BL to be divided at a bit 

45 boundary into an upper bit group (corresponding to 
multi-level gray scale pixel data) and a lower bit group 
(data to be discarded, error data). In accordance with 
this signal, the multi-level gray scale processing is to be 
performed. This allows for preventing the occurrence of 

so flat portions, caused by the occurrence of brightness 
saturation resulting from the multi-level gray scale 
processing and the absence of display levels of gray 
scale at a bit boundary, in the display characteristics 
(that is, the occurrence of disorder in gray scale levels). 

55 [0061] The configuration shown in Fig. 10 allows 
the first data converter 32 to switch the conversion char- 
acteristics (Fig. 1 1 and Fig. 12) of the brightness-tuning 
pixel data of 8 bits (0 to 255) supplied by the afore- 
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mentioned ABL circuit 31 at each one field (frame). At 
the same time, the first data converter 32 converts the 
brightness-tuning pixel data Dbl into the converted pixel 
data HDp of 8 bits (0 to 128) which is in turn supplied to 
the multi-level gray-scale processing circuit 33. s 
[0062] Fig. 1 5 is a view showing the internal config- 
uration of the multi-level gray scale processing circuit 
33. 

[0063] As shown in Fig. 15. the multi-level gray 
scale processing circuit 33 comprises an error diffusion 10 
processing circuit 330 and dither processing circuit 350. 
[0064] First, the data separation circuit 331 of the 
error diffusion processing circuit 330 separates the 
lower 2 bits of the 8-bit converted pixel data HD P sup- 
plied by the aforementioned first data converter 32 into is 
error data and the upper 6 bits into display data. 
[0065] The adder 332 supplies, to the delay circuit 
336, an additional value obtained by adding the lower 2 
bits as error data of the converted pixel data HD P the 
delay output from the delay circuit 334, and a multiplica- 20 
tion output of the scale multiplier 335. The delay circuit 
336 causes an additional value supplied by the adder 
332 to be delayed by the delay lime D of the same 
length of time as the clock period of the pixel data. 
Then, the delay circuit 336 supplies the additional value 2s 
to the aforementioned scale multiplier 335 and the delay 
circuit 337 as the delay additional signal AD 1 , respec- 
tively. The scale multiplier 335 multiplies the aforemen- 
tioned delay additional signal AD 1 by the predetermined 
coefficient (for example, "7/16") and then supplies so 
the result to the aforementioned adder 332. The delay 
circuit 337 causes further the aforementioned delay 
additional signal AD 1 to be delayed by the time (equal to 
one horizontal scan period - the aforementioned delay 
time Dx4) and then supplies the result to a delay circuit 35 
338 as the delay additional signal AD 2 . The delay circuit 
338 causes further the delay additional signal AD 2 to be 
delayed by the aforementioned delay time D and then 
supplies the resultant to a scale multiplier 339 as the 
delay additional signal AD 3 . Moreover, the delay circuit 40 
338 causes further the delay additional signal AD 2 to be 
delayed by the aforementioned delay time Dx2 and then 
supplies the result to a scale multiplier 340 as the delay 
additional signal AD 4 . Still moreover, the delay circuit 
338 causes further the delay additional signal AD 2 to be 45 
delayed by the aforementioned delay time Dx3 and then 
supplies the result to a scale multiplier 341 as the delay 
additional signal AD 5 . The scale multiplier 339 multi- 
plies the aforementioned delay additional signal AD 3 by 
the predetermined coefficient K 2 (for example, "3/161 50 
and then supplies the result to an adder 342. The scale 
multiplier 340 multiplies the aforementioned delay addi- 
tional signal AD 4 by the predetermined coefficient K 3 
(for example. "5/16*0 and then supplies the result to the 
adder 342. The scale multiplier 341 multiplies the afore- 55 
mentioned delay additional signal AD 5 by the predeter- 
mined coefficient K4 (for example, "1/16") and then 
supplies the result to the adder 342. The adder 342 sup- 



plies, to the aforementioned delay circuit 334, the addi- 
tional signal that has been obtained by adding the 
results of multiplication supplied by the aforementioned 
respective scale multipliers 339, 340, and 341. The 
delay circuit 334 causes such additional signals to be 
delayed by the aforementioned delay time D and then 
supplies the resultant signal to the aforementioned 
adder 332. The adder 332 adds the aforementioned 
error data (lower two bits of the converted pixel data 
HDp), the delay output from the delay circuit 334, and 
the output of multiplication of the scale multiplier 335. In 
this case, the adder 332 generates the carry-out signal 
0 o which is equal to logic "0" in absence of carry and 
logic " 1 " in the presence of a carry and supplies the sig- 
nal to an adder 333. 

[0066] The adder 333 adds the aforementioned dis- 
play data (upper 6 bits of the converted pixel data HDp) 
to the aforementioned carry-out signal C 0 and outputs 
the result as 6-bit error diffusion processing pixel data 
ED - 

[0067] The operation of the error diffusion process- 
ing circuit 330 comprising as such is to be explained 
below. 

[0068] For example, the error diffusion processing 
pixel data ED corresponding to pixel G Q, k) of the PDP 
10 shown in Fig. 16 is determined. First, the respective 
error data corresponding to pixel G Q, k-1) on the left of 
the pixel G Q, k), pixel G Q-1 . k-1) on the upper left, pixel 
G Q-1 , k) on the immediate above, and pixel G Q-1 , k+1 ) 
on the upper right, that is: 

Error data corresponding to the pixel G Q. k-1), the 

additional delay signal AD 1 ; 

Error data corresponding to the pixel G Q-1, k+1), 

the additional delay signal AD 3 ; 

Error data corresponding to the pixel G Q-1, k), the 

additional delay signal AD 4 ; and 

Error data corresponding to the pixel G Q-1, k-1), 

the additional delay signal AD 5 

are provided, respectively, with weights of the predeter- 
mined coefficients Kj to K4 for addition. Subsequently, 
the result of the addition is added by the error data cor- 
responding to the lower two bits of the converted pixel 
data HDp that is, pixel G (j. k). Then, the carry-out signal 
C 0 for one bit thus obtained is added to the display data 
corresponding to the upper 6 bits of the converted pixel 
data HDp* that is, the pixel G Q, k) and the resultant are 
the error diffusion processing pixel data ED. 
[0069] The error diffusion processing circuit 330 
with such a configuration interprets the upper 6 bits of 
the converted pixel data HD P as display data, and the 
remaining lower 2 bits as error data. The circuit also 
allows for adding the error data of the surrounding pixels 
{G Q, k-1). G Q-1 , k+1). G Q-1, k), G (j-1 , k-1)} by assign- 
ing weights thereto and the result is to be reflected to 
the aforementioned display data. This operation allows 
the brightness of the lower 2 bits at the original pixel (G 
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(j, k)} to be expressed by the aforementioned surround- 
ing pixels in an apparent manner. Therefore, this allows 
the display data of the number of bits less than 8 bits, 
that is, equal to 6 bits to express the levels of gray scale 
of brightness equivalent to those expressed by the 
aforementioned 8-bit pixel data. 
[0070] Incidentally, an even addition of these coeffi- 
cients of error diffusion to respective pixels would cause 
the noise resulting from error diffusion patterns to be 
visually noticed and thus produce an adverse effect on 
display quality. Accordingly, like the case of the dither 
coefficients to be described later, the coefficients K, to 
K4 for error diffusion that should be assigned to the 
respective four pixels may be changed at each field. 
[0071 ] The dither processing circuit 350 applies the 
dither processing to the error diffusion processing pixel 
data ED supplied by the error diffusion processing cir- 
cuit 330. This allows for generating the multi-level gray 
scale processing pixel data Ds whose number of bits is 
reduced further to 4 bits. Meanwhile, the dither process- 
ing circuit 350 maintains the level of gray scale of the 
same brightness as the 6-bit error diffusion processing 
pixel data ED. Incidentally, the olther processing allows 
a plurality of adjacent pixels to express one intermedi- 
ate display level. Take as an example the case of display 
of a halftone corresponding to 8 bits by using the display 
data of the upper 6 bits out of an 8-bit pixel data. Four 
pixels to adjacent to each other at the left and right, and 
above and below are taken as one set. Four dither coef- 
ficients a to d having values different from each other 
are assigned to respective pixel data corresponding to 
each of the pixels in the set for addition. The dither 
processing is to produce four different combinations of 
intermediate display levels with four pixels. Therefore, 
even with the number of bits of the pixel data equal to 6 
bits, the brightness levels of the gray scale available for 
display are 4 times, that is. a halftone Display corre- 
spond ng to 8 bits becomes available. 
[0072] However, an even addition of the dither pat- 
terns with the coefficients a to d to respective pixels 
would cause the noise resulting from the dither patterns 
to be visually noticed and thus produce an adverse 
effect of display quality. Accord ngly, a dither processing 
circuit 350 changes the dither coefficients a to d that 
should be assigned to the respective four pixels at each 
field. 

[0073] Fig. 1 7 is a view showing the internal config- 
uration of the dither processing circuit 350. 
[0074] Referring to Fig. 17, a dither coefficient gen- 
eration circuit 352 generates four dither coefficients a, b, 
c, and d for each of the four pixels adjacent to each 
other and supplies these coefficients in sequence to the 
adder 351. 

[0075] For example, as shown in Fig. 18. four dither 
coefficients a. b, c and d are generated corresponding 
to four pixels, respectively. The four pixels are pixel Q Q, 
k) and pixel G Q, k+1) corresponding to row 1, and pixel 
Q 0+1, k) and pixel G Q+1, k+1) corresponding to row 



0+1). At this time, the dither coefficient generation cir- 
cuit 352 changes, for each field as shown in Fig. 18, the 
aforementioned dither coefficients a, b. c, and d that 
should be assigned to the respective four pixels. 
s [10076] That is, dither coefficients a to d are 
assigned to the pixels at each field and generated 
repeatedly in a cyclic manner as shown below and sup- 
plied to the adder 351 . At the starting first field, 

io pixel G 0, k), dither coefficient a, 
pixel G Q. k+1), dither coefficient b, 
pixel G Q+1 , k). dither coefficient c, and 
pixel G 0+1 » k+1), dither coefficient d; 
at the subsequent second field. 

15 pixel G Q, k}, dither coefficient b. 

pixel G Q. k+1). dither coefficient a, 
pixel G Q+1 . k). dither coefficient d, and 
pixel G Q+1 , k+1), dither coefficient c; 
at the subsequent third field, 

20 pixel G Q, k). dither coefficient d, 
pixel Q 0, k+1 ), dither coefficient c, 
pixel G 0+1 , k), dither coefficient b, and 
pixel G Q+1 , k+1), dither coefficient a; 
and, at the fourth field, 

25 pixel G 0. k). dither coefficient c. 

pixel G 0. k+1), dither coefficient d, 
pixel G 0+1 . k), dither coefficient a. and 
pixel G 0+1 . k+1), dither coefficient b; 

30 [Q077] The dither coefficient generation circuit 352 
repeatedly executes the operation of the first to fourth 
fields mentioned above. That is, upon completion of 
generating the dither coefficients at the fourth field, the 
above-mentioned operation is repeated all over again 

35 from the aforementioned first field. The adder 351 adds 
the dither coefficients a to d which are assigned to 
respective fields as mentioned above to the error diffu- 
sion processing pixel data ED, respectively. Hereupon, 
the error diffusion processing pixel data ED corre- 

40 sponds to the aforementioned pixel G Q, k), pixel G Q, 
k+1), pixel G Q+1, k), and pixel G Q+1, k+1). respec- 
tively, which are supplied by the aforementioned error 
diffusion processing circuit 330. The adder 351 then 
supplies the dither additional pixel data thus obtained to 

45 the upper bit extracting circuit 353. 

[0078] For example, at the first field shown in Rg. 
1 8. each of the following data is supplied sequentially as 
the dither additional pixel data to the upper bit extracting 
circuit 353. That is, » 

50 

error diffusion processing pixel data ED corre- 
sponding to pixel G 0. k) + dither coefficient a. 
error diffusion processing pixel data ED corre- 
sponding to pixel G Q, kf 1) + dither coefficient b. 
55 error diffusion processing pixel data ED corre- 
sponding to pixel G Q+1, k) + dither coefficient c, 
and 

error diffusion processing pixel data ED corre- 
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spending to pixel G 0+1 . K+1) + dither coefficient d. 

[0079] The upper bit extracting circuit 353 extracts 
the bits up to the upper four bits of the dither additional 
pixel data for output as multi-level gray scale pixel data 5 

[0080] As mentioned above, the dither processing 
circuit 350 shewn in Fig. 17 changes the aforemen- 
tioned dither coefficients a to d that should be associ- 
ated with and assigned to each of the four pixels. This 
allows for determining the multi-level gray-scale pixel 
data D B of 4 bits (0 to 7) having a visually multi-level gray 
scale while reducing visual noise caused by dither pat- 
terns, which is then supplied to the second data con- 
verter 34. 

[0081] The second data converter 34 converts the 
multi-level gray-scale pixel data D s into the converted 
pixel data (display pixel data) HD of bits 1 to 8 corre- 
sponding to respective sub-fields SF1 to SF8 in accord- 
ance with the conversion table shewn in Fig. 19. 
Incidentally, in Fig. 1 9. the bits with logic level "1 " among 
the bits 1 to 8 of the converted pixel data HD indicate 
the selective erase discharge to be carried out in the 
pixel data writing step Wc at the sub-fields SF corre- 
sponding to the bits (indicated by black circles). 
[0082] In the foregoing, the aforementioned con- 
verted pixel data HD is supplied to the address driver 6 
via the memory 4 as shown in Fig. 2. At this time, the 
format of the converted pixel data HD is to take one of 
the 9 patterns shown in Fig. 19. The address driver 6 
assigns each of bits 1 to 8 in the aforementioned con- 
verted pixel data HD to the respective sub-fields SF1 to 
SF8. Then, only when the bit logic is logic level "1", the 
address driver 6 generates a high-tension pixel data 
pulse at the pixel data writing step Wc in the associated 
sub-field and supplies the pulse to the column elec- 
trodes D of the PDP 10. This allows for generating the 
aforementioned selective erase discharge This allows 
each of the discharge cells to become a light-emitting 
cell for a period until the aforementioned selective erase 
discharge is carried out in the sub-fields indicated by the 
black circles of Fig. 19. Thus, each discharge cell emits 
light at light-emission period ratio shown in Figs. 4A and 
4B in each sustaining light-emission process Ic of each 
of the successive sub-fields which are present during 
the period. 

[0083] This allows for carrying out the light-emis- 
sion drive with the following 9 levels of halftone during 
an even field (frame) display period as shown by the 
light-emission brightness L A of Fig. 19. That is, 
{0: 3: 14: 34: 64: 104: 155: 218: 255}. 
[0084] This also allows for carrying out the light- 
emission drive with the following 9 levels of halftone dur- 
ing an odd field (frame) display period as shown by the 
light-emission brightness I_b of Fig. 19. That is. 
{0: 1: 7: 23: 47: 82: 128: 185: 255}. 
[0085] Fig. 20 shows the relationship between the 
aforementioned two types of light-emission brightness 



(display brightness level) of 9 levels of halftone and the 
input pixel data D. 

[0036] Referring to Fig. 20, symbols and 
show the relationship between the input pixel data D 
and display brightness level in the drive mode (A) and 
the drive mode (6), respectively. The drive pattern, that 
is, the number of times of light-emission (the number of 
sustaining pulses) may be changes for each field 
(frame) in the light-emission sustaining step Ic of each 
sub-field. The figure shows that this allows the levels of 
halftone expressed by one drive mode to be interposed 
in between the levels of halftone expressed by the other 
drive mode. Thus, the effect of an integral with respect 
to time will provide the number of visual display levels of 
halftone greater than 9 levels of halftone and an 
improved gray-scale expression as such. 
[0087] Furthermore, a value between adjacent lev- 
els of halftone, for example, a value between light-emis- 
sion brightness "3" and "14" in the drive mode (A) is 
expressed by the multi-level gray-scale processing such 
as the aforementioned error diffusion processing and 
dither processing. (The value is a level corresponding to 
the lower 4 bits of the input pixel data D.) 
[00&2] Incidentally, in the case where the multi-level 
gray-scale processing such as the error diffusion 
processing and dither processing is performed, a fewer 
number of original d splay levels of halftone causes pat- 
terns of the multi-level gray-scale processing to become 
conspicuous, providing a deteriorated S/N ratio. How- 
ever, the light-emission drive pattern for each field 
(frame), as mentioned above, can be changed to 
increase the number of visual display levels of halftone. 
Consequently, this will not allow patterns caused by the 
multi-level gray-scale processing to become conspicu- 
ous and thus provide an improved S/N ratio. 
[0089] Furthermore. Fig. 20 shows that the input 
pixel data D is Inverse-gamma corrected by setting the 
ratio of the number of times of light-emission in the light- 
emission sustaining step Ic of each sub-field to the 
inverse gamma ratio. 

[0090] As mentioned above, the drive modes (A) 
and (B) have 9 levels of halftone. However, the afore- 
mentioned combination of changing the light-emission 
drive pattern at each field (frame) and the multi-level 
gray-scale processing provides visual levels of halftone 
equivalent to 256 levels of halftone. 
[0091 ] At this time, as shown in Fig. 1 9, a cf scharge 
cell is to be changed from the light-emitting state to a 
non-light -emitting state once or less in one field period. 
Accord ngly, the aforementioned simultaneous reset 
operation that accompanies intense light-emission irre- 
spective of whether no involvement in displaying picture 
images may be performed once in one field period is as 
shown in Figs. 4A and 4a This allows for preventing 
degradation in contrast and reducing power consump- 
tion. 

[0092] Furthermore, as shown in Fig. 19, no such 
light-emitting pattern exists that allows a period of the 
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light-emitting state (shewn by white circles) and a period 
of a non-light-emitting state to be inverted to each other 
in one field period, so that a quasi-contour can be pre- 
vented. 

(0093] Incidentally, the aforementioned embodi- 
ment described the case where the so-called selective 
erase addressing method was employed as a pixel data 
write method. The method allows for forming .wall 
charges on each discharge cell in advance at the head 
of a field to set all discharge cells to light-emitting cells. 
Then, the wall charges are selectively erased in 
response to pixel data for writing the pixel data. 
[0094] However, the present invention is also appli- 
cable to the case where the so-called selective write 
addressing method is employed as the pixel data write 
method which allows for forming wall charges selec- 
tively in response to pixel data. 

[0095] Figa 21 A and 21 B are views showing the 
light-emission drive format for the case where this 
selective write addressing method is employed. 
[0098] In addition, Fig. 22 shows the application 
timing of various types of drive pulses to be applied to 
the column electrodes D 1 to D m , and the row electrodes 
X! to Xn, Y! to Y n of the PDP 10 in accordance with the 
light-emission drive formats shown in Fig. 21 A and 21 B. 
[0097] Furthermore, Fig. 23 shows the conversion 
table for use in the second data converter 34 for the 
case where the selective write addressing method is 
employed, and all patterns of the light-emission drive to 
be carried out in one field period. 
[0090] As shewn in Fig. 22. the aforementioned 
selective write addressing method when employed ini- 
tially allows the first and second sustain drivers 7 and 8 
to apply the reset pulses RP X and RP y simultaneously 
to row electrodes X and Y, respectively, at the simulta- 
neous reset process Rc of the head sub-field SF8. This 
causes all discharge cells of the PDP 10 to carry out 
reset discharge and thus forces wall charges to be built 
up within each of the discharge cells (R-j). Immediately 
thereafter, the first sustain driver 7 applies simultane- 
ously the erase pulse EP to the row electrodes X 1 to Xn 
of the PDP 10. thereby erasing the aforementioned wall 
charges formed in all discharge cells (R2) That is, the 
simultaneous reset process Rc shown in Fig. 22 is car- 
ried out to reset all discharge cells of the PDP 10 to the 
state of non- light- emitting cells. 
[0099] The pixel data writing step Wc allows only 
those discharge cells located at the intersections of the 
"rows" to which the scan pulse SP is applied and the 
"columns" to which a high-tension pixel data pulse is 
applied to produce discharge (selective write dis- 
charge). This results in selectively building up wall 
charges in the discharge cells. The selective write dis- 
charge causes the discharge cells that have been reset 
to the state of non-light-emitting cells at the aforemen- 
tioned simultaneous reset process Rc to change into 
the state of light-emitting cells. Incidentally, no dis- 
charge is generated at the discharge cells disposed at 



the "columns" to which the aforementioned high-tension 
pixel data pulse has not been applied and thus the state 
of non-light-emitting cells, that is, the state of having 
been reset at the simultaneous reset process Rc is sus- 
5 tained. 

[01 00] That is, the pixel data writing step Wc is car- 
ried out for selectively setting to either the light-emitting 
cell of which the light-emitting state is sustained during 
the light-emission sustaining step to be described later 
to or the non- light-emitting cell remaining in an "off" state. 
Thus, the so-called writing of pixel data to each dis- 
charge cell is performed. 

[Q101] In the foregoing, the light-emission drive by 
the selective write addressing method will cause the 

15 selective write discharge to be carried out only at those 
sub-fields SF corresponding to the bits of logic level "1 " 
of the converted pixel data HD as shown in Fig. 23 (indi- 
cated by black circles). At this time, the non-light-emit- 
ting state is sustained at the sub-fields present during a 

20 period until the selective write dscharge is carried out 
from the head sub-field SF8. On the other hand, the 
ligm-emrtting state is sustained at the sub-fields SF 
(indicated by white circles) except for the sub-fields SF 
(indicated by black circles) for which the selective write 

25 discharge has been carried out and the sub-fields 
present thereafter. 

[0102] As mentioned above, the drive methods 
shown in Fig. 3 through Fig. 23 allow for resetting all dis- 
charge cells to either one of a light-emitting cell or non- 
30 light-emitting cell only at the head sub-field of one field 
period. Thus, in only one sub-field, pixel data is written 
to set each discharge cell to a light-emitting or non-Hght- 
emrtting cell in response to the pixel data. When the 
selective erase addressing method is employed, the 
35 drive method allows the sub-fields of a field to enter the 
light-emrtting state from the head sub-field in sequence 
with increasing brightness to be displayed. On the other 
hand, the selective write addressing method allows the 
sub-fields of a field to enter the light-emitting state from 
40 the last sub-field in sequence with increasing brightness 
to be displayed. At this time, the present invention 
allows for performing, in alternate fields (frames), two 
types of light-emission drives having different periods of 
light-emission (the number of times) at each sub-field, 
45 tor example, the drive modes (A) and (B) shown in Figs. 
4A and 4B. Thus, this allows for increasing the number 
of visual brightness levels of halftone. 
[01 03] Fig. 24 is a view showing a specific operation 
of the aforementioned drive methods shown in Fig. 3 
50 through Fig. 23. 

[0104] For example, when the input pixel data is 
"1 78". then the inverse Gamma compensation provides 
the display brightness of approximately "116". 
[01 05] That is, the drive mode (B) of Fig. 4B and the 
55 conversion characteristics of Fig. 1 1 are selected in the 
first field (an odd field), and the multi-level gray-scale 
processing provides the following display brightness. 
That is, for example, 
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display brightness "82" at which the sub-fields SF1 
to SF5 with five pixels ofGQ.k) are in the light-emit- 
ting state, 

display brightness "128" at which the sub-fields 
SF1 to SF6 with six pixels of Q (j, k+1) are in the s 
light-emitting state, 

display brightness "128" at which the sub-fields 
SF1 to SF6 with six pixels of Q (j+1 , k) are in the 
light-emitting state, and 

display brightness "128" at which the sub^ields 
SF1 to SF6 with six pixels of G Q+1 . k+1 ) are in the 
light-emitting state. 

[0106] Thus, display brightness "116" is expressed 
by the average brightness of four pixels adjacent up and 
down and the left and right. 

[0107] Now, the drive mode (A) of Fig. 4A and the 
conversion characteristics of Fig. 12 are selected in the 
second field (an even field), and multi-level gray-scale 
processing provides the following display brightness. 
That is, for example, 

display brightness "155" at which the sub^fields 
SF1 to SF6 with six pixels of Gfi. k) are in the light- 
emitting state, 

display brightness "104" at which the sub-fields 
SF1 to SF5 with five pixels of G Q, k+1) are in the 
light-emitting state, 

display brightness "104" at which the sub-fields 
SF1 to SF5 with five pixels of G Q+1. k) are in the 
light-emitting state, and 

display brightness "104" at which the sub-fields 
SF1 to SF5 with five pixels of G (j+1 , k+1) are in the 
light-emitting state. 

[0108] Thus, display brightness "116" is expressed 
by the average brightness of four pixels adjacent up and 
down and the left and right. 

[0109] Then, in odd fields such as fields 1 , 3, 5. and 
7, the drive mode (B) of Fig. 4B and the conversion 
characteristics of Fig. 1 1 are selected. Meanwhile, the 
error diffusion or the values of dither coefficients to be 
assigned to respective four pixels are changed in each 
field, whereby the display brightness of each pixel var- 
ies as shown in Fig. 24. 

[01 1 0] Likewise, in even fields such as fields 2. 4. 6. 
and 8, the drive mode (A) of Fig. 4A and the conversion 
characteristics of Fig. 12 are selected. Meanwhile, the 
error diffusion or the values of dither coefficients to be 
assigned to the respective four pixels are changed in 
each field, whereby the display brightness of each pixel 
varies as shown in Fig. 24. 

[0111] The aforementioned combination of the 
method of changing the light-emission drive pattern at 
each field (frame) and the mufti-level gray-scale 
processing provides improved capability of the expres- 
sion of visual levels of halftone and improved display 
quality. 



[0112] However, the two types of light-emission 
drives having light-emission periods different from each 
other are performed alternately at each field (frame) as 
mentioned above. This may cause the center of gravity 
of the light-emission in one field period to be displaced, 
resulting in and the occurrence of flicker. 
[0113] This is caused by the light-emission period 
(the number of times of light-emission) set to a different 
value at the light-emission sustaining step of each sub- 
field in the drive modes (A) and (B) as shown in Figs. 4A 
and 4B. In the drive modes (A) and (B) shown in Figs. 
4A and 4B, the center of gravity provided by the drive 
mode (B) is always located at the back of that provided 
by the drive mode (A) for the same input pixel data D. 
[01 1 4] In the foregoing, the center of gravity of light- 
emission is determined based on the length of the pixel 
data writing step of a sub-field in the light-emitting state 
during one field period, the length of the light-emission 
sustaining step, and the weight assigned to the light- 
emission period. 

[0115] Figs. 25A and 25B show diagrammaticaHy 
the displacement of the center of gravity of light-emis- 
sion at even and odd fields. 

[9116] For example, in even fields (drive mode (A)) 
of Fig. 24. the brightness of a plurality of pixels is aver- 
aged as shown in Fig. 25A. Thus, this allows the whole 
period of the light-emission sustaining step of the sub- 
fields 8F1 to SF5 in the drive mode (A) and the approx- 
imately 1/4 of the period of the light- emission sustaining 
step of the sub-field SF6 to enter the light-emitting state. 
At this time, the center of gravity of light-emission is 
located at T v 

[0117] Furthermore, in odd fields (drive mode (B)) 
of Fig. 24, the brightness of a plurality of pixels is aver- 
aged as shown in Fig. 25B. Thus, this allows the whole 
period of the light-emission sustaining step of the sub- 
fields SF1 to SF5 in the drive mode (B) and approxi- 
mately 3/4 of the period of the light-emission sustaining 
step of the sub-field SF6 to enter the light-emitting state. 
At this time, the center of gravity of light-emission is 
located at T 2 . 

[01 18] As such, both even fields of the drive mode 
(A) and odd fields of the drive mode (B) have approxi- 
mately the same average display brightness, however, 
the displacement of the center of gravity of light-emis- 
sion causes flicker to be produced. 
[01 1 9] Figs. 26A. 26B and Figa 27A. 27B show an 
example of the light-emission drive format provided to 
prevent the flickering, respectively. 
[01 20] First, the light-emission drive formats shown 
in Figs. 26A and 26B allow the start-up timing of the 
light-emission drive shown in the drive mode (A) to be 
delayed by a predetermined period AT relative to the 
start-up timing of the light-emission drive shown in the 
drive mode (B). This provides less displacement 
between both centers of gravity of light-emission T 1 and 
T 2 and thus reduces flicker. 

[01 21 ] In the foregoing, the flicker is more conspic- 
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uous at a higher display brightness. Thus, the afore- 
mentioned predetermined period AT is set to such a 
constant value that allows the center of gravity of light- 
emission T 1 in the drive mode (A) to correspond with the 
center of gravity of light-emission T 2 in the drive mode 
(B), at the maximum display brightness level "255". 
[0122] Incidentally, the cGsplacement between the 
center of gravity of light-emission T t in the drive mode 
(A) and the center of gravity of light-emission T 2 in the 
drive mode (B) varies with the display brightness level. 
That is, the displacement takes the maximum value at 
the maximum display brightness level, while the dis- 
placement becomes less with a decreasing display 
brightness level. The variation in the displacement 
caused by this display brightness level is small and 
small level of display brightness allows flickering to be 
less conspicuous. Thus, even setting the aforemen- 
tioned predetermined period AT to a constant value as 
mentioned above provides a sufficient effect for prevent- 
ing flicker. However, for the purpose of further preven- 
tion of flickering, the aforementioned predetermined 
period AT may be varied so that the centers of gravity of 
light-emission always coincides with each other. 
[0123] On the other hand, the light-emission drive 
formats shown in Figs. 27A and 27B allow the execution 
period Ta of the pixel data writing step Wc of each of the 
sub-fields SF1 to SF4 in the drive mode (A) to be longer 
than the execution period 7b of the pixel data writing 
step Wc in the drive mode (B). This allows for providing 
less displacement between the centers of gravity of 
light-emission T 1 and T 2 to reduce flicker. For example, 
the pulse width of the scan pulse SP to be applied to the 
row electrodes of the PDP 10 is widened in the pixel 
data writing step Wc of each of the sub-fields SF1 to 
SF4 in the drive mode (A). This allows for making the 
execution period Ta longer than the execution period Tlx 
[0124] Incidentally, in the aforementioned embodi- 
ment, the two types of light-emission drives of which 
light-emission periods are different for each other at 
each sub-field are to be switched at alternate fields 
(frames). However, the switching may be carried out at 
alternate lines of the PDP 10. 

[0125] Rga 28 A and 28B show an example of the 
light-emission drive formats developed in view of the 
aforementioned point. 

[0126] In Figs. 28A and 28B. the selective erase 
discharge is carried out at all lines of the PDP 10 in the 
pixel data writing step W^. On the other hand, the 
selective erase discharge is carried out only at even 
lines of the PDP 10 in the pixel data writing step W 1C . 
while the selective erase discharge is carried out only at 
the odd lines in the pixel data writing step W^. 
[0127] That is, at the discharge cells in the even 
lines of the discharge cells formed in respective lines 1 
to n of the PDP 1 0, the light-emission drive is carried out 
in each sub-field at the following light-emission period 
ratio according to the drive mode (A) of Fig. 28A. That 
is, 



SF1:1 
SF2:6 
SF3: 16 
SF4: 24 
5 SF5: 35 

SF6: 46 
SF7: 57 
SF8:70 

io [01 28] At the odd discharge cells, the light-emission 
drive is earned out in each sub-field at the following 
light-emission period ratio according to the drive mode 
(B)of Fig. 28B. That is, 

is SF1:3 

SF2: 11 

SF3: 20 

SF4: 30 

SF5:40 
20 SF6: 51 

SF7:63 

SF8: 37 

[Q1 29] Furthermore, the two types of light-emission 
25 drives having light-emission periods different from each 
other at each sub-field, shown in drive modes (A) and 
(B) of Figs. 28A and 28B, may be carried out at alterna- 
tive fields (frames) and at alternative lines of the PDP 
10. 

30 [0130] At this time, in the pixel data writing step 
W 1C shown in Figs. 28A and 28B, the selective erase 
discharge is carried out only at the discharge cells of the 
even lines of the PDP 10 during the display period of 
odd frames. Additionally, the selective erase discharge 

35 is carried out only at the discharge cells of the odd lines 
during the display period of even frames. On the other 
hand, in the pixel data writing step W 2C . the selective 
erase discharge is carried out only at the discharge cells 
of the odd lines of the PDP 10 during the display period 

40 of odd frames. Additionally, the selective erase dis- 
charge is carried out only at the discharge cells of the 
even lines during the display period of even frames. 
[0131] Fig. 29 shows the format of light-emission 
drive that is carried out by the aforementioned drive. 

45 [0132] As shown in Fig. 29, during the display 
period of odd frames, light-emission drive is carried out 
at the discharge cells of the even lines of the PDP 10 in 
accordance with the drive mode (A) of Fig. 25A. On the 
other hand, light-emission drive is carried out at the dis- 

5o charge cells of the odd lines in accordance with the 
drive mode (B) of Fig. 25B. Furthermore, during the dis- 
play period of even frames, light-emission drive is car- 
ried out at the discharge cells of the even lines of the 
PDP 10 in accordance with the drive mode (B) of Fig. 

55 25B. On the other hand, light-emission drive is carried 
out at the discharge cells of the odd lines in accordance 
with the drive mode (A) of Fig. 25A. This drive allows for 
preventing flicker caused by carrying out the two types 
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of light-emission drive at alternate fields (frames) such 
as the drive modes (A) and (B), of which light-emission 
periods are different from each other. 
[01 33] Incidentally, the drive mode to be changed at 
each field (frame) or each line is not limited to the afore- s 
mentioned two types. In other words, three or more 
types of drive modes having light-emission periods dif- 
ferent from each other at respective sub-fields may be 
prepared and switched in sequence at each field 
(frame) or at each line for carrying out a light-emission to 
drive. 

[0134] Furthermore, in the aforementioned embod- 
iment the selective erase (write) discharge is to be gen- 
erated by the simultaneous application of the scan 
pulse SP and the high-tension pixel data pulse in one of is 
the pixel data writing stepes Wc of the sub-fields SF1 to 
SF8. 

[0135] However, a lower amount of charged parti- 
cles remaining in discharge cells may cause the selec- 
tive erase (write) discharge to be generated in a normal 20 
manner regardless of the simultaneous application of 
the scan pulse SP and the high-tension pixel data pulse. 
This may cause the wall charges in the discharge cells 
not to be erased (built up) in a normal manner. At this 
time, even when the A/D -converted pixel data D shows 25 
low brightness, light-emission corresponding to the 
maximum brightness is carried out, thus presenting a 
problem in that the display quality is significantly low- 
ered. For example, take a case where the converted 
pixel data HD has the following value at the time of 30 
employing the selective erase addressing method as , 
the pixel data write method, that is, 
[01000000]. 

[0136] In this case, as shown by the black circles of 
Fig. 1 9, the selective erase discharge is carried out only ss 
at the sub-field SF2. during which the discharge cells 
are changed to non-light-emitting cells. This should 
allow the sustaining light emission to be carried out only 
at SF1 among the sub-fields SF1 to SFa However, 
when the selective erase fails at the sub-field SF2 to 40 
cause the wall charge to remain in the discharge cell, 
the sustaining light-emission is carried out not only at 
the sub-field SF1 but also at the subsequent sub-fields 
SF2 to SF8. Consequently, this leads to the maximum 
brightness display. 45 
[0137] For this reason, the light-emission drive pat- 
terns shown in Fig. 30 and Fig. 31 are employed to pre- 
vent such accidental light-emission as above. 
Incidentally. Fig. 30 shows a light-emission drive format 
used when the selective erase addressing method is so 
employed, while Fig. 31 shows a light-emission drive 
format used when the selective write addressing 
method is employed, respectively. 
[0138] The "* w shown in Fig. 30 and Fig. 31 indi- 
cates that any one of logic level "1" or "0" may be ss 
selected, and the triangular mark indicates that the 
selective erase (write) discharge is carried out only 
when the — is logic level "1 



[0139] In other words, since the initial selective 
erase (write) discharge may fail to write pixel data, the 
selective erase (write) discharge is repeated at least in 
one of the subsequent sub-fields. This ensures pixel 
data writing and prevents accidental light-emission. 
[01 40] As d esc r bed above, the method for driving a 
plasma display panel, according to the present inven- 
tion, can provide improved expression of levels of half- 
tone as well as improved display quality. Furthermore, 
the method can provide improved contrast as well as 
prevent quasi-contour and reduce power consumption. 
[0141] The embodiments of the present invention 
will be explained below with reference to the drawings. 
[0142] Fig. 32 is a view showing the general config- 
uration of a plasma display device for driving a plasma 
display panel (hereinafter designated "PDP") to allow it 
to emit light in accordance with the drive method of a 
second aspect of the present invention. 
[01 43] The plasma display device comprises a drive 
portion having an operating unit 5, a drive control circuit 
2. an input selector 3, an A/D converter 1, a data con- 
verter 300. a memory 4, an addressing driver 6, a first 
sustain driver 7, and a second sustain driver 8. The 
device also comprises a POP 10 as a plasma display 
panel. 

[0144] Incidentally, the plasma display device sup- 
ports video signals from personal computers, that is, the 
PC video signal, as well as television signals of the 
NTSC scheme, and is provided with separate input ter- 
minals (not shown) specifically designed for inputting 
respective video signals of these different schemes. 
[01 45] Referring to Fig. 32, the operating unit 5 gen- 
erates the input-designated video signal Sv correspond- 
ing to the video signal designated by the user for input, 
and then supplies the signal Sv to the drive control cir- 
cuit 2. the input selector 3, and the data converter 300. 
respectively. The operating unit 5 generates, for exam- 
ple, the input-designated video signal Sv of logic level 
"0" when the user has designated the aforementioned 
PC video signal as the video signal to be displayed. On 
the other hand, the unit 5 generates the input-desig- 
nated video signal Sv of logic level "1" when the user 
has designated the color television signal (hereinafter 
called the TV signal"). 

[0146] The input selector 3 selects either the PC 
video signal supplied via the aforementioned input ter- 
minals or the TV signal, whichever one corresponds to 
the aforementioned input-designated video signal Sv 
and is in turn supplied to the A/D converter 1 as cm input 
video signal. Incidentally, the PC video signal and the 
TV signal are Gamma-corrected in advance. 
[01 47] The A/D converter 1 samples the input video 
signal supplied from the aforementioned input selector 
3 in response to the clock signal supplied from the drive 
control circuit 2 and then converts the input video signal, 
for example, into the pixel data D of 8 bits. That is, the 
A/D converter 1 converts the analog input video signal 
supplied from the input selector 3 into the 8-bit pixel 



15 



29 



EP 1 022 714 A2 



30 



data that is allowed for expressing brightness with 256 
levels of halftone. 

[0148] The data converter 300 converts, corre- 
sponding to the 8-bit pixel data D, the data obtained 
through the brightness tuning and multi-level gray-scale 
processing, respectively, into the display drive pixel data 
GD for actually driving respective pixels of the PDP 10. 
Then, the data converter 300 supplies the display drive 
pixel data GD to the memory 4. 
[0149] Fig. 33 is a view showing the internal config- 
uration of the data converter 300. 
[0150] As shown in Fig. 33, the data converter 300 
comprises an ABL (automatic brightness control) circuit 
301. a first data converter 302, a multi-level gray-scale 
processing circuit 303. and a second data converter 
304. 

[0151] The ABL circuit 301 tunes the brightness 
level of the pixel data D of each pixel supplied in 
sequence from the A/D converter 1 so that the average 
brightness of a picture image displayed on the screen of 
the PDP 10 falls within an adequate brightness range 
Then, the ABL circuit 301 supplies the brightness-tun- 
ing pixel data thus obtained to the first data con- 
verter 302. 

[01 52] Fig. 34 is a view showing the internal config- 
uration of the ABL circuit 301. Incidentally, the ABL cir- 
cuit 301 has the same configuration as that of the ABL 
circuit 31 shown in Fig. 7. 

[0153] Referring to Fig. 34, the level tuning circuit 
310 outputs the brightness-tuning pixel data* D BL 
obtained by tuning the level of the pixel data D based on 
the average brightness determined at an average 
brightness detection circuit 31 1 to be described later. 
The data converter 312 supplies the brightness-tuned 
pixel data D BL to the average brightness detection cir- 
cuit 31 1 as the inverse-Gamma-converted pixel data Dr. 
the brightness-tuned pixel data D BL being converted so 
as to have the inverse Gamma characteristics (Y=X 22 ) 
with non-linear characteristics shown in Fig. 35. That is, 
applying the inverse Gamma compensation to the 
brightness-tuned pixel data D BL allows for restoring 
pixel data [inverse-Gamma-converted pixel data Dr) 
corresponding to the original Gamma-compensation- 
release video signal. The average brightness detection 
circuit 311 determines the inverse-Gamma-converted 
pixel data Dr first. At this stage, the average brightness 
detection circuit 31 1 determines which brightness mode 
the average brightness corresponds to among the 
brightness modes 1 to 4. The modes are the four levels 
into which the range between the maximum and the 
minimum brightness has been divided. The average 
brightness detection circuit 311 supplies the average 
brightness determined as mentioned above to the 
aforementioned level tuning circuit 310, while supplying 
the brightness mode signal LC that indicates the corre- 
spondng brightness mode to the drive control circuit 2. 
That is. the level tuning circuit 310 supplies the pixel 
data D to which level has been tuned according to the 



average brightness, as the aforementioned brightness- 
tuned pixel data Dql, to the aforementioned data con- 
verter 312 and the subsequent first data converter 32. 
[01 54] Fig. 36 is a view showing the internal corrfig- 

s uration of the first data converter 302. 

[01 55] Referring to Fig. 36. the data converter 321 ' 
converts the aforementioned brightness-tuned pixel 
data Dbl into 8-brt converted pixel data A 1 having "0" to 
"192" in accordance with the conversion characteristics 

w shown in Fig. 37 A, which is in turn supplied to the selec- 
tor 322. The data converter 323* converts the aforemen- 
tioned brightness-tuned pixel data into 8-bit 
converted pixel data B 1 having "0" to "192" in accord- 
ance with the conversion characteristics shown in Fig. 

15 37B, which is in turn supplied to the selector 322. The 
selector 322 selects in an alternative manner either one 
of the converted pixel data At or B 1 , whichever one that 
corresponds to the logic level of the conversion charac- 
teristics selective signal and is in turn supplied to a 

20 selector 324. Incidentally, the aforementioned conver- 
sion characteristics selective signal is a signal which is 
supplied from the aforementioned drive control circuit 2 
and changes from logic level "1" to "0" or from "0" to "1 " 
in response to the vertical synchronization timing of the 

25 input video signal. A data converter 325 converts the 
aforementioned brightness-tuned pixel data into 9- 
bit converted pixel data having "0" to "384" in accord- 
ance with the conversion characteristics shown in Fig. 
38A, which is in turn supplied to a selector 326. A data 

so converter 327 converts the aforementioned brightness- 
tuned pixel data Dbl into 9-bit converted pixel data Bg 
having "0" to "384" in accordance with the conversion 
characteristics shown in Fig. 38B, which is in turn sup- 
plied to the selector 326. The selector 326 selects in an 

35 alternative manner either one of the converted pixel 
data A2 or Bg. whichever one that corresponds to the 
logic level of the conversion characteristics selective 
signal and is in turn supplied to a selector 324. The 
selector 324 selects in an alternative manner either one 

40 of the converted pixel data A 1 (or B 1 ) supplied from the 
selector 322 or the converted pixel data A2 (or sup- 
plied from the selector 326, whichever one that corre- 
sponds to the logic level of the input-designated video 
signal Sv. Then, the selector 324 supplies the data to 

45 the subsequent multi-level gray-scale processing circuit 
33 as the first converted pixel data D H . 
[0156] With the configuration shown in Fig. 36. 
when the operating unit 5 has the TV signal designated 
as input the first data converter 302 converts the brtght- 

50 ness-tuned pixel data D^ of 8 bits of "0" to "255" into 
the first converted pixel data D H of 8 bits of "0" to "192". 
The conversion is carried out based on the conversion 
characteristics shown in Figs. 37A and 37B, and then 
the first converted pixel data DH is supplied to the multi- 

55 level gray-scale processing circuit 303. On the other 
hand, when the PC video signal is designated as input, 
the brightness-tuned pixel data D BL of 8 bits of "0" to 
"255" is converted into the first converted pixel data D H 
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of 9 bits of "0" to "384". The conversion is carried out 
based on the conversion characteristics shown in Figs. 
38A and 38B. and then the first converted pixel data D H 
is supplied to the mufti- level gray-scale processing cir- 
cuit 303. Incidentally. Fig. 37A and Fig. 38A show the s 
conversion characteristics used for displaying odd fields 
(odd frames), while Fig. 37B and Fig. 38B show the con- 
version characteristics used for displaying even fields 
(even frames). That is, when the TV signal is designated 
as an input, the first data converter 302 switches the w 
conversion characteristics used for the conversion 
thereof at each field (frame) as shown in Figs. 37A and 
37B. On the other hand, when the PC video signal is 
designated as an input the conversion characteristics 
used for the conversion thereof are switched at each is 
field as shown in Figs. 38A and 38B. 
[0157] As mentioned above, the first data converter 
302 is provided at the preceding stage of the multi-level 
gray-scale processing circuit 303 to be described later. 
Then, data conversion is carried out to the number of so 
display levels of halftone and the number of com- 
pressed bits resulting from the operation of the multi- 
level gray scale. This prevents the occurrence of flat 
portions, caused by the occurrence of brightness satu- 
ration resulting from the multi-level gray scale process- ss 
ing and absence of display levels of gray scale at a bit 
boundary, in the display characteristics (that is. the 
occurrence of disorder in gray scale levels). 
[0158] Rg. 39 shows the internal configuration of 
the multi-level gray-scale processing circuit 303. 30 
[0159] As shown in Rg. 39. the multi-level gray- 
scale processing circuit 303 comprises the error-diffu- 
sion processing circuit 330 and the dither processing 
circuit 350. Since the configuration of the error-diffu- 
sion -processing circuit 330 is the same as that shown in ss 
Fig. 15. explanation is not repeated. 
P45 

[0160] The dither processing circuit 350 applies 
dither processing to the error-diffusion processing pixel 
data ED supplied by the error-diffusion processing cir- ao 
curt 330. This allows for generating the multi-level gray- 
scale pixel data D B having the number of bits further 
reduced to four, while maintaining brightness levels of 
halftone equivalent to the error-diffusion processing 
pixel data ED of 6 bits. Incidentally, dither processing 46 
expresses one intermediate display level by means of a 
plurality of adjacent pixels. Take as an example the case 
where pixel data of an upper 6 bits among 8-bit pixel 
data is used to express a gray scale display equivalent 
to an 8-bit expression. In this case, four pixels adjacent so 
on the left and right, above and below, are taken as one 
set Then, four dither coefficients a to d, which have 
coefficient values different from each other, are 
assigned to the pixel data corresponding to the set of 
respective pixels and added, respectively. The dither 56 
processing generates four different combinations of 
intermediate display levels with four pixels. Therefore, 
even when the pixel data has 6 bits, it is allowed for 



expressing the intermediate display with four times the 
level of halftone, that is, 8 -bit-equivalent intermediate 
display. 

[01 61 ] However, even the addition of dither patterns 
of dither coefficients a to d to respective pixels may 
cause noise resulting from the dither patterns being rec- 
ognized visually, thus reducing the display quality. 
[0162] For this reason, the dither processing circuit 

350 changes, at each field, with the aforementioned 
dither coefficients a to d that should be assigned to the 
respective four pixels. 

[0163] Rg. 40 shows the internal configuration of 
the dither processing circuit 350. 
[0164] Referring to Fig. 40. the dither coefficient 
generating circuit 352' generates four dither coefficients 
a. b. c. and d. for four respective pixels that are adjacent 
to each other, which are in turn supplied to the adder 

351 in sequence. Incidentally, the dither coefficient gen- 
erating circuit 352' generates dither coefficients with dif- 
ferent values in response to the designated input video 
signal indicated by the aforementioned input-desig- 
nated video signal Sv. 

[01 65] That is, when the video signal designated for 
input by the input-designated video signal Sv is the TV 
signal, the following dither coefficients a to d comprising 
two bits, respectively, are generated as shown in Rg. 
41. That is. 

dither coefficient a: 0, 
dither coefficient b: 1, 
dither coefficient c: 2, and 
dither coefficient d: 3. 

[0166] On the other hand, when the video signal 
designated for input is the PC video signal, the following 
dither coefficients a to d comprising three bits, respec- 
tively are generated as shown in Fig. 41. That is, 

dither coefficient a: 0 (or 1), 
dither coefficient b: 2 (or 3), 
dither coefficient c: 4 (or 5), and 
dither coefficient d: 6 (or 7). 

[01 67] For example, as shown in Fig. 1 8, four dither 
coefficients a to d are generated corresponding to four 
pixels, respectively. The four pixels are pixel G (j, k) and 
pixel G Q. k+1 ) corresponding to row j, and pixel G 0+1 . 
k) and pixel G (f+1, k+1) corresponding to row (j+1). The 
dither coefficient generating circuit 352 changes, for 
each field as shown in Fig. 18, the aforementioned 
dither coefficients a to d that should be assigned to the 
respective four pixels. 

[01 68] The dither coefficient generating circuit 352' 
generates the dither coefficients a to d repeatedly in a 
cyclic manner and supplies the coefficients to the adder 
351. 

[0169] The dither coefficient generating circuit 352* 
executes repeatedly the operation of the first to fourth 



17 



33 



EP 1022 714 A2 



34 



fields mentioned above. That is, upon completion of 
generating the dither coefficients at the fourth field, the 
above-mentioned operation is repeated all over again 
from the aforementioned first field. The adder 351 adds 
the dither coefficients a to d which are assigned to 
respective fields as mentioned above to the error diffu- 
sion processing pixel data ED, respectively. Hereupon, 
the error diffusion processing pixel data ED correspond 
to the aforementioned pixel O (j, k). pixel G (j, k+1), pixel 
G Q+1 , h} , and pixel G (j+1 , k+1), respectively, which are 
supplied by the aforementioned error diffusion process- 
ing circuit 330. The adder 351 then supplies the dither 
additional pixel data thus obtained to the upper bit 
extracting circuit 353. 

[0170] For example, at the first field shown in Figs. 
45A and 45B, each of the following data is supplied 
sequentially as the dither additional pixel data to the 
upper bit extracting circuit 353. That is, 

error diffusion processing pixel data ED corre- 
sponding to pixel G Q, k) + dither coefficient a, 
error diffusion processing pixel data ED corre- 
sponding to pixel G (j, k+1) + dither coefficient b, 
error diffusion processing pixel data ED corre- 
sponding to pixel G 0+1. 10 + dither coefficient c, 
and 

error diffusion processing pixel data ED corre- 
sponding to pixel G 0+1. k+1) + dither coefficient d. 

[0171] The upper bit extracting circuit 353 extracts 
the bits up to the upper four bits of the dither additional 
pixel data for output as multi-level gray scale pixel data 
D 8 . 

[0172] As mentioned above, the dither processing 
circuit 350* shown in Fig. 39 changes the aforemen- 
tioned dither coefficients a to d that should be associ- 
ated with and assigned to each of the four pixels. This 
allows for determining the multi-level gray-scale pixel 
data D 8 of 4 bits having a visually multi-level gray scale 
while reducing visual noise caused by dither patterns, 
which is then supplied to the second data converter 34. 
[0173] The second data converter 34 converts the 
mufti-level gray-scale pixel data D s into the display drive 
pixel data GD of bits 1 to 12 in accordance with the con- 
version table shown in Fig. 14. Incidentally, the respec- 
tive bits 1 to 12 correspond to each of the sub-fields SF1 
to SF12 to be described later. 

[0174] As mentioned above, the data converter 30 
comprises the ABL circuit 31 , the first data converter 32, 
the multi-level gray-scale processing circuit 33, and the 
second data converter 34. By this data converter 30, the 
pixel data D that is capable of expressing 256 levels of 
halftone with 8 bits is converted into the display drive 
pixel data GD of 12 bits comprising 13 patterns in total 
as shown in Fig. 42. 

[0175] The memory 4 of Fig. 32 writes and stores 
sequentially the aforementioned display drive pixel data 
GD in accordance with the write signal supplied by the 



drive control circuit 2. The write action allows for writing 
the display drive pixel data GD 1 for one screen (with 
n rows and m columns). Then, in accordance with the 
read signal supplied by the drive control circuit 2, the 

5 memory 4 reads the display drive pixel data GD1 1-nm 
for each row by associating the same bit digit with each 
other, which is then supplied to the addressing driver 6. 
That is, the memory 4 regards the display drive pixel 
data GD 11 . nm of one screen comprising 12 bits, respec- 

w tively. as the 1 2-way-split display drive pixel data DB1 n . 
nmtoDBIZM.jin shown as follows. That is, 

DB1 u-nm- the first bit of the display-drive pixel data 

G D 11-nm 

15 DB2 u . nm : the second bit of the display-drive pixel 
dataGDii. nm 

DB3-|i_ nm : the third bit of the display-drive pixel data 
QDl1-nm 

DB4 11 . nm : the fourth bit of the display-drive pixel 
20 dataGDn.™ 

DB5 1 i_ nm : the fifth bit of the display-drive pixel data 

GD 11-nm 

DB *>ii-nm : the sixth bit of the display-drive pixel 
dataGD^.™ 

25 DB7 1 lHim : the seventh bit of the display-drive pixel 
dataGD^.™ 

DB8 1 the eighth bit of the display-drive pixel 
dataGD^.™ 

DB9 n . nm : the ninth bit of the display-drive pixel 
so data GD-ji. nm 

DBIOn-n™: the tenth bit of the display-drive pixel 
data GD ^ -nm 

DB11 n-nm : the eleventh bit of the display-drive 
pixel dataGD 1lHim 
35 DB12 UHWn : the twelfth bit of the display-drive pixel 
dataGD-n.™ 

[Q176] Then, the memory 4 reads the data DB1 n . 
m , DB2 l1 . nmi ...DB^2 u _ nm in sequence line by line in 
40 accordance with the read signal supplied by the drive 
control circuit 2 and then supplies the data to the 
addressing driver 6. 

[0177] The drive control circuit 2 generates clock 
signals for the aforementioned A/D converter 1 and 

45 write/read signals for the memory 4 in synchronization 
with the horizontal and vertical synchronizing signals 
included in the aforementioned input video signal. Fur- 
thermore, the drive control circuit 2 generates various 
timing signals for controllably driving each of an 

so addressing driver 6. a first sustain driver 7, and a sec- 
ond sustain driver 8 in synchronization with the horizon- 
tal and vertical synchronizing signals. 
[0178] The addressing driver 6 generates, in 
accordance with a timing signal supplied by the drive 

55 control circuit 2, m pulses of pixel data having voltages 
corresponding to respective logic levels of the display 
drive pixel data bits DB for a line which are read from the 
memory 4. These pulses are applied to column elec- 
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trades to D m of PDP 10, respectively. 
[0179] The PDP 10 comprises the aforementioned 
column electrodes D1 to Dm as address electrodes, 
and row electrodes to X n and row electrodes Y 1 to 
Y n , which are disposed orthogonal to the column elec- 
trodes. The PDP 10 allows a pair of a row electrode X 
and a row electrode Y to form a row electrode corre- 
sponding to one line. That is, in the PDP 10, the row 
electrode pair of the first line consists of row electrodes 
X 1 and Y 1 and the row electrode pair of the nth line con- 
sists of row electrodes and Y n . The aforementioned 
pairs of row electrodes and column electrodes are 
coated with a dielectric layer exposed to a discharge 
space, and each row electrode pair and column elec- 
trode are configured so as to form a discharge celt cor- 
responding to a pixel at their intersection. 
[0180] In accordance with a timing signal supplied 
by the drive control circuit 2, the first and second sustain 
drivers 7 and 8 generate the various drive pulses, 
respectively, which are to be explained below. These 
pulses are in turn applied to the row electrodes X 1 to 
and Y-| to Y n of the PDP 10. 

[0181] Fig. 43 is a view showing the application tim- 
ing of various drive pulses which are applied to the col- 
umn electrodes D 1 to D m , and the row electrodes X 1 to 
X,, and Yj to Y n by the aforementioned addressing 
driver 6. and the first and second sustain drivers 7 and 
8, respectively. 

[0182] In the example shown in Fig. 43. a display 
period of one field is divided into 12 sub-fields SF1 to 
SF12 to drive the PDP 10. At this time, in each of the 
sub-fields, the pixel data writing step Wc is performed to 
write pixel data to each discharge cell of the PDP 1 0 for 
setting night-emitting cells" and "non-light-emitting 
cells". The light-emission sustaining step Ic is also per- 
formed in each of the sub-fields to sustain light-emis- 
sion of the only light-emitting cells" mentioned above 
for a period (the number of times) corresponding to the 
weight assigned to each sub-field. However, only in the 
head sub-field SF1, is the simultaneous reset process 
Rc for initializing all discharge cells of the PDP 10 per- 
formed and the erase process E is executed only in the 
last su Wield SF12. 

[0183] First, in the aforementioned simultaneous 
reset process Rc, the first and second sustain drivers 7 
and 8 apply simultaneously the reset pulses RPx and 
RP Y shown in Fig. 43 to the row electrodes Xf to X„ and 
Y 1 to Y n of the PDP 10, respectively. The application of 
these reset pulses RP X and RP y will cause all dis- 
charge cells of the PDP 10 to be reset and discharged, 
forming a predetermined uniform wall charge in each of 
the discharge cells. This will set all discharge cells of the 
PDP 10 to the aforementioned light-emitting cells" for 
the time being. 

[0184] Subsequently, in the pixel data writing step 
Wc, the addressing driver 6 generates a pixel data pulse 
having a voltage corresponding to the logic level of the 
display drive pixel data bit DB supplied by the aforemen- 



tioned memory 4. The addressing driver 6 applies 
sequentially the data pulse to the column electrode D^ 
m line by line. That is, first, in the pixel data writing step 
Wc of the sub-field SF1, DBI^.im which corresponds 

5 to the first line of the sub-field is extracted from the 
aforementioned display drive pixel data bit DB1^ Unm . 
Then, the pixel data pulse group DP1 1 comprising m 
pixel data pulses corresponding to the logic levels of the 
respective DB1 n_i m is generated and applied to the 

10 column electrode D^. m . Subsequently, DBl 2 i-2m that 
corresponds to the second line of the sub-field is 
extracted from the display drive pixel data bit DB1 11 _ nm . 
Then, the pixel data pulse group DP1 2 comprising m 
pixel data pulses corresponding to the logic levels of the 

is respective DBl 2 i-2m is generated and applied to the 
column electrode D-|. m . Likewise, in the pixel data writ- 
ing step Wc of the sub-field SF1, the pixel data pulse 
groups DP 1 3 to DPI n for one line are applied to the col- 
umn electrodes D^. m in sequence. Subsequently, in the 

20 pixel data writing step Wc of the sub-field SF2. DB2 t1 . 
1m which corresponds to the first line of the sub-field is 
first extracted from the aforementioned display drive 
pixel data bit DB2 1 1 Then, the pixel data pulse group 
DP2 1 comprising m pixel data pulses corresponding to 

25 the logic levels of the respective DB2 1 t . 1m is generated 
and applied to the column electrode D Vm . Subse- 
quently, DB2 21 _ 2m that corresponds to the second line of 
the sub-field is extracted from the display drive pixel 
data bit DB2 1lH>m . Then, the pixel data pulse group 

so DP2 2 comprising m pixel data pulses corresponcfng to 
the logic levels of the respective DB2 21 . 2m is generated 
and applied to the column electrode D^. Likewise, in 
the pixel data writing step Wc of the sub-field SF2, the 
pixel data pulse groups DP2 3 to DP2 n for one line are 

35 applied to the column electrodes D 1 . m In sequence. 
Likewise, in the pixel data writing step Wc of the sub- 
fields SF3 to SF12, the addressing driver 6 assigns the 
pixel data pulse groups DP3 1 . n to DP12-|. n generated 
based on the respective display drive pixel data bits 

40 DB3n^ m to DB-\2 u . nm to the sub-fields SF3 to SF12, 
respectively. Then, the addressing driver 6 applies the 
pixel data pulse groups OPZ^ to DP12 1 . n to the col- 
umn electrodes 0^. m . Incidentally, it is assumed that the 
addressing driver 6 generates a high-tension pixel data 

46 pulse when the display drive pixel data bit DB has a 
logic level of "1", while generating a low-voltage (0 volt) 
pixel data pulse when the logic level is "0". 
[0185] Furthermore, in the pixel data writing step 
Wc, the second sustain driver 8 generates the scan 

so pulses SP of negative polarity shown in Fig. 43 at the 
same time as the application timing of each of the pixel 
data pulse groups DP as aforementioned. Then, the 
second sustain driver 8 applies the scan pulses SP in 
sequence to the row electrodes Yj to Y n . At this time, 

55 discharge (selective erase discharge) is caused only at 
the discharge cells located at the intersections of the 
lines" to which the scan pulse SP is applied and the 
"columns" to which a high-tension pixel data pulse is 
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applied. The wall charges remaining within the dis- 
charge cells are selectively erased. That is, the respec- 
tive 1 81 to 12 th bits of the display drive pixel data GD 
determines whether the selective erase discharge 
should be generated in the pixel data writing step Wc of s 
respective sub-fields SF1 to SF12. The selective eras- 
ing discharge causes the discharge ceils that have been 
reset to the light-emitting cell" at the aforementioned 
simultaneous reset process Rc to change to the "non- 
light-emrtting cell". On the other hand, no discharge is w 
generated in the discharge cells that are formed in the 
"columns" to which a low-voltage pixel data pulse is 
applied, and thus the preset state is sustained. That is, 
discharge cells of "non-light-emitting cells" remain as 
"non-light-emitting cells" , while discharge cells of light- 75 
emitting cells" remain as "light-emitting cells". Thus, the 
immediately subsequent light-emission sustaining step 
Ic allows for setting "light-emitting cells" in which sus- 
taining discharge is generated and "non-light-emitting 
cells" in which sustaining discharge is not generated 20 
owing to the pixel data writing step Wc for each sub- 
field. 

[0186] Subsequently, in the light-emission sustain- 
ing step Ic of each sub-field, the first and second sustain 
drivers 7 and 8 apply the sustaining pulses IP X and IP Y 25 
of positive polarity alternately as shown in Fig. 43 to the 
row electrodes Xj to X„ and to Y n , respectively. 
[0187] The number of times of application of the 
sustain pulses IP applied in the light-emission sustain- 
ing step Ic is set in accordance with the weight assigned 30 
to each sub-field. In addition, the number of times differs 
according to the type of brightness mode signal LC sup- 
plied from the data converter 30 shown in Fig. 32, and 
the video signal selected as the input video signal at the 
aforementioned input selector 3. 35 
[0188] Fig. 16 shows the number of times of appli- 
cation of the sustain pulses IP to be applied at the light- 
emission sustaining step Ic of respective sub-fields SF1 
to SF12 when the TV signal is selected as an input 
video signal. Incidentally, Figs. 44A and 44B show the 40 
number of times of application of the sustain pulses IP 
to be applied when odd fields (odd frames) are dis- 
played and when even fields (even frames) are dis- 
played, respectively, for each mode according to the 
brightness mode signal LC. 4$ 
[0189] On the other hand. Fig. 45A shows the 
number of times of application of the sustain pulses IP 
to be applied at the light-emission sustaining step Ic of 
respective sub-fields SF1 to SF12 when the PC video 
signal is selected as an input video signal. Incidentally, so 
Figs. 45A and 45B show the number of times of applica- 
tion of the sustain pulses IP to be applied when odd 
fields (odd frames) are displayed and when even fields 
(even frames) are displayed, respectively, for each 
mode according to the brightness mode signal LC. 55 
[01 90] Take as an example the case where each of 
the input-designated video signals Sv that specify the 
TV signal as an input video signal and the brightness 



mode signal LC that indicates the brightness mode 1 is 
supplied. In this case, the drive control circuit 2 supplies 
various timing signals to the addressing driver 6, the 
first sustain driver 7, and the second sustain driver 8 in 
order to carry out actions according to the light-emis- 
sion drive sequences shown in Figs. 46A and 46 B. 
[0191] Incidentally, Figs. 46A and 46 B show the 
light-emission drive sequences to be carried out for dis- 
playing odd fields (odd frames) and for displaying even 
fields (even frames), respectively. 
[01 92] That is, when the input-designated video sig- 
nal is the TV signal and has the brightness mode 1 , the 
ratio of the number of times of application of the sustain 
pulses IP at the light-emission sustaining step Ic of 
respective sub4ields SF1 to SF12 is as follows. 
[0193] That is. as shown in Fig. 46A, when odd 
fields (odd frames) are displayed, 

SF1:2 
SF2:2 
SF3:6 
SF4: 8 
SF5:11 
SF6: 17 
SF7:22 
SF8: 28 
SF9: 35 
SF10:43 
SF11:51 
SF12:30 

On the other hand, as shown in Fig. 46B, when even 
fields (even frames) are displayed, 

SF1: 1 
SF2:2 
SF3:4 
SF4:6 
SF5: 10 
SF6: 14 
SF7: 19 
SF8: 25 
SF9: 31 
SF10:39 
SF11:47 
SF12:57 

[0194] On the other hand, take as an example the 
case where each of the input-designated video signals 
Sv that specify the PC video signal as an input video 
signal and the brightness mode signal LC that indicates 
the brightness mode 1 is supplied. In this case, thedrive 
control circuit 2 supplies various timing signals to the 
addressing driver 6, the first sustain driver 7, and the 
second sustain driver 8 in order to carry out actions 
according to the light-emission drive sequences as 
shown in Figs. 47A and 47B. 

[0195] Incidentally, Figs. 47A and 47B show the 
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light-emission drive sequences to be carried out for dis- 
playing odd fields (odd frames) and for displaying even 
fields (even frames), respectively. 
[01 96] That is, when the input video signal is the PC 
video signal and has the brightness mode 1 , the ratio of 
the number of times of application of the sustain pulses 
IP at the light-emission sustaining step Ic of respective 
sub-fields SF1 to SF12 is as follows. 
[0197] That is, as shown in Fig. 47A, when odd 
fields (odd frames) are displayed, 

SF1:1 

SF2:2 

SF3:4 

SF4:7 

SF5:11 

SF6: 14 

SF7:20 

SF8:25 

SF9:33 

SF10:40 

SF11:48 

SF12:50 



On the other hand, as shown in Fig. 47B. when 
fields (even frames) are displayed, 

SF1:1 
SF2:2 
SF3:4 
SF4:6 
SF5: 10 
SF6: 14 
SF7:19 
SF8: 25 
SF9: 31 
SF10:39 
SF11:47 
SF12:57 



[0198] At this time, the ratio of the number of times 
of application of the sustain pulses IP to be applied at 
respective sub-fields SF1 to SF12 is non-linear (that is, 
the inverse Gamma ratio, Y-X 2 2 ). This allows for com- 
pensating tor the non-linear characteristics (the Gamma 
characteristics) applied in advance to the input video 
signal. Incidentally, the number of sub-fields responsible 
for low-brightness light-emission among. the aforemen- 
tioned respective sub-fields SF1 to SF12 is made larger 
than that of the sub-fields responsible for high-bright- 
ness light-emission. That is, the sub-fields responsible 
for relatively low brightness light-emission for which the 
sustain pulse IP is applied 25 times or less are 8 sub- 
fields, from SF1 to SF8, and are greater in number than 
the sub-fields SF9 to SF1 2 that are responsible for high- 
brightness light-emission. 

[0199] Then, the erase process E is carried out only 
at the last sub-field SF12. 
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[0200] In the erase process E, the address driver 6 
generates an erase pulse AP having positive polarity as 
shown in Fig. 43 to apply it to column electrodes D-,_ m . 
Furthermore, the second sustain driver 8 generates the 
erase pulse EP having positive polarity simultaneously 
at the application timing of the erase pulse AP to apply 
it to respective row electrodes Y 1 to Y n . This simultane- 
ous application of the erase pulses AP and EP causes 
erase discharge to be generated in all discharge cells of 
the PDP 10, allowing wall charges remaining within all 
discharge cells to disappear. That is. executing the 
erase discharge causes all discharge cells of the PDP 
10 to be changed to "non -light-emitting cells" 
[0201] In the foregoing, in the respective sub-fields 
shown in Figs. 46 A, 46B and Figs. 47A, 47B, only the 
discharge cells that have been set to "light-emitting 
cells" at the pixel data writing step Wc repeat sustaining 
discharge to sustain the light-emission state by the 
number of times accord ng to the aforementioned ratio 
of the number of times at the light-emission sustaining 
step Ic performed immediately thereafter. 
[0202] At this time, it is determined by the display 
drive pixel data GD as shown in Fig. 42 that each Dis- 
charge cell at each sub-field is set to a "light-emitting 
cells" or "non-light-emitting cell". That is, each bit 1 to 12 
of the display drive pixel data GD corresponds to sub- 
fields SF1 to SF12, respectively. Thus, only when a bit 
has. for example, logic level "1", the selective erase dis- 
charge is generated in the pixel data writing step Wc of 
the sub-field corresponding to the digit of the bit and 
thus the discharge cell is set to the "non-light-emitting 
cell". On the other hand, when the bit has logic level "0", 
the aforementioned selective erase discharge is not 
generated and thus the present state is sustained. That 
is, the discharge cell of a "non-light-emitting cell" 
remains as a "non-light-emitting cell", while the dis- 
charge cell of a light-emitting cell" remains as a "light- 
emitting cell". At this time, only the simultaneous reset 
process Rc only at the head sub-field SF1 can have a 
chance of changing a discharge cell from the "non-light- 
emitting cell" to the light-emitting cell" in the sub-field 
SF1 to SF12. Therefore, the discharge ceil that has 
been changed to a "non-light-emitting cell" by the selec- 
tive erase discharge generated in the pixel data writing 
step Wc of any. one of the sub-fields SF1 to SF12 after 
the completion of the simultaneous reset process Rc 
will never change again to a "liojrt-emitting cell" in this 
field. Therefore, according to the data patterns of the 
display drive pixel data GD as shown in Fig. 42, each 
discharge cell remains as a "light-emitting cell" for a 
period until the selective erase discharge is generated 
at the sub-fields shown by the black circles of Fig. 42. 
The discharge cell carries out sustaining discharge by 
the aforementioned number of times at the light-emis- 
sion sustaining step Ic of each sub-field, present during 
the period, indicated by the white circles. 
[0203] As shown in Fig. 42, this allows gray scale 
drive having the following brightness expression of 13 



21 



41 EP1 022 714 A2 42 



levels of halftone when odd fields (odd frames) are dis- 
played with the TV signal as the input video signal in 
brightness mode 1. That is, 

{0: 2: 4: 10: 16: 29: 46: 68: 96: 131 : 174: 225: 255} 
[0204] The gray scale drive with the following 
brightness expression of 13 levels of halftone is carried 
out when even fields (even frames) are displayed. That 
is, 

{0: 1 : 3: 7: 13: 23: 37: 56: 81 : 1 12: 151 : 198: 255} 
[0205] Fig. 48 shows the correspondence between 
the input video signal and the display brightness of a 
picture image to be actually displayed on the PDP 10 in 
response to the input video signal and the respective 
input video signals when the input video signal is the TV 
signal. 

[0206] Referring to Fig. 48, tf is the gray-scale 
brightness point obtained by the gray-scale drive 
according to the light-emission drive sequence as 
shown in Fig. 46A, while "0" is the gray-scale brightness 
point obtained by the gray-scale drive according to the 
light-emission drive sequence as shown in Fig. 46B. 
[0207] As shown in Fig. 48, when the input video 
signal is the TV signal, the light-emission drive 
sequences as shown in Figs. 46A and 46B are carried 
out by switching at alternate fields (frames). According 
to the drive, to a position in between two gray-scale 
brightness points obtained by one of the light-emission 
drive sequences, the gray-scale brightness point 
obtained by the other light-emission drive sequence is 
to be added. 

[0208] Incidentally, in Fig. 48, the brightness 
between gray-scale brightness points adjacent to each 
other, that is, between a and a "0" is obtained by the 
aforementioned error diffusion processing and multi- 
level gray-scale processing such as dither processing. 
[0209] Fig. 49 shows the positional relationship, in 
region E1 of Fig. 48, between the gray-scale brightness 
point fti") obtained by the light-emission drive 
sequence shown in Fig. 46A, the gray-scale brightness 
point ("0") obtained by the light-emission drive 
sequence as shown in Fig. 46B, the gray-scale bright- 
ness point ("•"} obtained by error diffusion processing, 
and the gray-scale brightness point ("■") obtained by 
dither processing. 

[0210] At this time, as shown in Fig. 49, part of 
respective gray-scale brightness points ("■") obtained 
apparently by the aforementioned dither processing 
have the same brightness level as the gray-scale bright- 
ness points fa") obtained by performing the light-emis- 
sion drive sequences shown in Figs. 46A and 46B. 
[021 1 ] Therefore, in the case of employing an input 
video signal like a TV signal that has a relatively lower 
S/N, flicker is suppressed and dither noise is reduced by 
means of the effects of an integral with respect to time. 
Meanwhile, the number of levels of halftone is appar- 
ently increased by means of the aforementioned error 
diffusion processing and the dither processing. 
[0212] On the other hand, as shown in Fig. 14, 



when the input video signal is the PC video signal that 
has a relatively higher S/N, the following brightness 
expression of 13 levels of halftone is carried out to dis- 
play odd fields (odd frames). That is, 
5 {0: 1:3: 7:14: 25: 39: 59: 84: 117: 157: 205: 255} 

[0213] The gray scale drive with the following 
brightness expression of 1 3 levels of halftone is carried 
out when even fields (even frames) are displayed. That 
is. 

w {0: 1:3:7:13:23:37:56:81: 112: 151: 198:255} 

[0214] Fig. 50 shows the correspondence between 
the input video signal and the display brightness of a 
picture image to be actually displayed on the PDP 10 in 
response to the input video signal when the input video 

15 signal is the PC video signal. 

[0215] Referring to Fig. 50. is the gray-scale 
brightness point obtained by the gray-scale drive 
according to the light-emission drive sequence shown in 
Fig. 47A, while "0" is the gray-scale brightness point 

20 obtained by the gray-scale drive according to the light- 
emission drive sequence shown in Fig. 47B. 
[0216] As shown in Fig. 50, when the input video 
signal is the PC video signal, the light-emission drive 
sequences, of which gray-scale brightness points are 

25 slightly displaced to each other, shown in Fig. 47A and 
47B are switched alternately at each field (frame). 
According to the drive, to a position near one of the 
gray-scale brightness points between the two gray- 
scale brightness points obtained by one of the light- 

30 emission drive sequences, the gray-scale brightness 
point obtained by the other light-emission drive 
sequence is to be added. 

[0217] Incidentally, in Fig. 50, brightness other than 
the brightness indicated by the gray-scale brightness 

35 points of the "□" and "0" is obtained by the aforemen- 
tioned error diffusion processing and the multi-level 
gray-scale processing such as the dither processing. 
[0218] Fig. 51 shows the positional relationship, in 
region E2 of Fig. 50, between the gray-scale brightness 

40 point ("n") obtained by the light-emission drive 
sequence shown in Fig. 47A, the gray-scale brightness 
point ("0") obtained by the light-emission drive 
sequence shown in Fig. 47B, the gray-scale brightness 
point ("•") obtained by the error diffusion processing. 

45 and the gray-scale brightness point ("■") obtained by 
the dither processing. 

[0219] As mentioned above, when the PC video sig- 
nal is specified as an input, the dither coefficients a to d 
of three bits (a«0. b=2, c-4, and d-6) shown in Fig. 41 

so are used in the dither processing thereof. For this rea- 
son, as shown in Fig. 51, crude density is produced in 
the respective distributions of gray-scale brightness 
points obtained by the error diffusion processing. 
[0220] Therefore, as shown in Fig. 51 , the respec- 

55 tive gray-scale brightness points obtained apparently by 
the aforementioned error diffusion processing and 
dither processing are different in brightness level from 
the respective gray-scale brightness points obtained by 
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the light-emission drive sequences shown in Figs. 47A 
and 47B. 

[0221] Therefore, due to the effects of an integral 
with respect to time, the number of visual display levels 
of halftone increases approximately two times com- 5 
pared with the case where the light-emission drive 
sequence {which is used when the TV signal is desig- 
nated as the input video signal) shown in Figs. 46A and 
47a 

[0222] That is, when a video signal with a relatively 10 
high S/N ratio such as the PC video sipjial is designated 
as an input, an apparent gray-scale brightness point 
obtained by the error diffusion processing and the dither 
processing is displaced relative to the gray-scale bright- 
ness point obtained by carrying out the light-emission is 
drive sequences shown in Figs. 47A and 47B. This 
allows for significantly increasing in an apparent manner 
the number of levels of halftone to be expressed. 
[0223] Incidentally, the aforementioned embodi- 
ment described a case where a method which allows 20 
wall charges to be built up in respective discharge cells 
in advance to set all discharge cells to the light-emitting 
cell and then pixel data is written by erasing the wall 
charges selectively in response to pixel data, that is, the 
so-called selective erase addressing method was 25 
employed as the pixel data write method. 
[0224] However, the present invention is also simi- 
larly applicable even to the case where a method which 
allows wall charges to be built up selectively in response 
to pixel data, that is, the so-called selective write 30 
addressing method is employed as the pixel data write 
method. 

[0225] Fig. 52 shows an example of the application 
timing of respective various drive pulses that are applied 
to the column electrodes D 1 to D m and the row elec- ss 
t nodes X<\ to X„ and Y 1 to Y n by the aforementioned 
addressing driver 6, and the first and second sustain 
drivers 7 and 8. 

[0226] Furthermore, Figs. 53A and 53B show the 
light-emission drive sequences to be carried out when 40 
the TV signal is designated as an input video signal 
when the selective write addressing method is 
employed. Figs. 54A and 54B shows the light-emission 
drive sequence to be carried out when the PC video sig- 
nal is designated. Incidentally. Fig. 53A and Fig. 54A 45 
show the light-emission drive sequences to be carried 
out when odd fields (odd frames) are displayed, and Fig. 
53 B and Fig. 54B show the liojrt-emission drive 
sequences to be carried out when even fields (even 
frames) are displayed. so 
[0227] Furthermore, Fig. 55 shows the conversion 
table used in the second data converter 34 shown in 
Fig. 36 and all light-emission patterns to be carried out 
in one field period when the selective write addressing 
method is employed. 55 
[0228] In the foregoing, as shown in Fig. 52 men- 
tioned above, when the selective write addressing 
method is employed, the first and second sustain driv- 



ers 7 and 8 first apply, simultaneously, the reset pulses 
RP X and RP Y to the row electrodes X and Y of the PDP 
10, respectively, in the simultaneous reset process Rc 
of the head sub-fields SF1 2. This allows reset dscharge 
in all discharge cells of the PDP 10 and causes compul- 
sory build-up of wall charges in respective discharge 
cells (R-i). Immediately thereafter, the first sustain driver 
7 applies the erase pulse EP to the row electrodes X t to 
Xn of the PDP 10, simultaneously, thereby erasing the 
aforementioned wall charges built up in all dscharge 
cells (R2). That is, executing the simultaneous reset 
process Rc shown in Fig. 52 causes all discharge cells 
of the PDP 1 0 to be reset to "non-light-emitting cells- for 
the time being. 

[0229] Subsequently, in the pixel data writing step 
Wc. the addressing driver 6 generates a pixel data pulse 
having a voltage corresponding to the logic level of the 
display drive pixel data bit DB supplied by the aforemen- 
tioned memory 5. The addressing driver 6 applies 
sequentially the data pulse to the column electrode D u 
m line by line. That is, first, in the pixel data writing step 
Wc of the sub-field SF12, DB^2 u ^ m which corre- 
sponds to the first line of the sub-field is extracted from 
the aforementioned display drive pixel data bit DB12 t1 . 
nnv Then, the pixel data pulse group DP12 1 comprising 
m pixel data pulses corresponding to the logic levels of 
the respective DB^^.^ is generated and applied to 
the column electrode D^m* Subsequently, DB12 21 . 2m 
that corresponds to the second line of the sub-field is 
extracted from the display drive pixel data bit DB12 1V 
nm - Then, the pixel data pulse group DP 122 comprising 
m pixel data pulses corresponding to the logic levels of 
the respective DB1 221.2m is generated and applied to 
the column electrode D Vm . Likewise, in the pixel data 
writing step Wc of the sub-field SF12, the pixel data 
pulse groups DP12 3 to DPl2 n for one line are applied to 
the column electrodes D-,. m in sequence. Subsequently, 
in the pixel data writing step Wc of the sub-field SF1 1 , 
DB1 1 1 1 -1 m which corresponds to th e first line of the sub- 
field is first extracted from the aforementioned display 
drive pixel data bit DBII^nnv Then, the pixel data 
pulse group DP1 1 1 comprising m pixel data pulses cor- 
responding to the logic levels of the respective DB1 1 11 . 
1 m is generated and applied to the column electrode D 1 . 
m . Subsequently. DB11 2 -|.2m tnat corresponds to the 
second line of the sub-field is extracted from the display 
drive pixel data bit DB11 11flm . Then, the pixel data 
pulse group DP1 1 2 comprising m pixel data pulses cor- 
responding to the logic levels of the respective DB1 1 21 _ 
2rT1 is generated and applied to the column electrode 
m . Likewise, in the pixel data writing step Wc of the sub- 
field SF1 1 . the pixel data pulse groups DP11 3 to DP11 n 
for one line are applied to the column electrodes 0 Um in 
sequence. Likewise, in the pixel data writing step Wc of 
the sub-fields SF10 to SF1, the addressing driver 6 
assigns the pixel data pulse groups DPIO^ to DP1i- n 
generated based on the respective display drive pixel 
data bits DBIO^.^ to DB1 1Vnm to the sub-fields SF10 
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to SF1, respectively. Then, the addressing driver 6 
applies the pixel data pulse groups DP3i_ n to DPI 2 1 . n to 
the column electrodes D Vm . Incidentally, it is assumed 
that the addressing driver 6 generates a high-tension 
pixel data pulse when the display drive pixel data bit D6 
has a logic level of "1 ", while generating a low-voltage (0 
vott) pixel data pulse when the logic level is "0". 
[0230] Furthermore, in the pixel data writing step 
Wc, the second sustain driver 8 generates the scan 
pulses SP of negative polarity shown in Fig. 52 at the 
same time as the application timing of each of the pixel 
data pulse groups DP. Then, the second sustain driver 8 
applies the scan pulses SP in sequence to the row elec- 
trodes Y 1 to Y n . At this time, discharge (selective write 
discharge) is caused only at the discharge cells located 
at the intersections of the "lines" to which the scan pulse 
SP is applied and the "columns" to which a high-tension 
pixel data pulse is applied. Wall charges are selectively 
built up in the discharge cells. The selective write dis- 
charge causes the discharge cells that have been reset 
to the "non-light-emitting cell" at the aforementioned 
simultaneous reset process Rc to change to the light- 
emitting cell". On the other hand, no discharge is pro- 
duced in the discharge cells that are formed in the "col- 
umns" to which a low-voltage pixel data pulse is applied, 
and thus the preset state is sustained. That is, dis- 
charge cells of "non-1 ight-emitting cells" remain as "non- 
light-em rtting cells", while discharge cells of "light-emit- 
ting cells" remain as "light-emitting cells". Thus, the 
immediately subsequent light-emission sustaining step 
Ic allows lor setting "light-emitting cells" in which sus- 
taining discharge is generated and "non-light-emitting 
cells" in which sustaining discharge is not generated. 
[0231] Subsequently, in the light-emission sustain- 
ing step Ic of each sub-field, the first and second sustain 
drivers 7 and 8 apply the sustain pulses IP X and IP Y of 
positive polarity alternately as shown in Fig. 52 to the 
row electrodes X t to X„ and Y 1 to Y n , respectively- The 
number of times of the sustain pulses IP that should be 
applied then in the light-emission sustaining step Ic of 
each sub-field varies depending on the type of video 
signal selected as an input video signal as shown in 
Figs. 53A and 53B or Figs. 54A and 54B. 
[0232] As shown in Fig. 52, when the selective write 
addressing method is employed, the erase process E is 
carried out only at the last sub-field SF1 . 
[0233] In the erase process E, the addressing driver 
6 generates the erase pulse EP with negative polarity 
shown in Fig. 52 and applies the pulse EP simultane- 
ously to respective row electrodes Y 1 to Y n . The simul- 
taneous application of the erase pulse EP causes the 
erasing discharge to be generated in all discharge cells 
of the PDP 10 and thus the wail charges remaining 
within all discharge cells to disappear. That is, the eras- 
ing discharge causes all discharge cells of the PDP 10 
to change to "non-light-emitting cells". 
[0234] In the foregoing, in the pixel data writing step 
Wc of each sub-field shown in Figs. 53A and S3B or 



Figs. 54A and 54B. only the discharge cells that have 
been set to "light-emitting cells" repeat the sustaining 
discharge by the number of times descrbed in the fig- 
ures to sustain the light-emission state in the light-emis- 

s sion sustaining step Ic to be carried out thereafter. 

[0235] At this time, it is determined by the display 
drive pixel data GD shown in Fig. 27 that discharge cells 
at the pixel data writing step Wc of each sub-field are 
set to a "light-emitting cell" or "non-light-emitting cell". 

10 That is, each bit 1 to 12 of the display drive pixel data 
GD corresponds to sub-fields SF1 to SF12, respec- 
tively. Thus, only when a bit has, tor example, logic level 
"1", the aforementioned selective write discharge is 
generated in the pixel data writing step Wc of the sub- 

15 field corresponding to the digit of the bit and thus the 
discharge cell is set to the "light-emitting cell". On the 
other hand, when the bit has logic level "0", the afore- 
mentioned selective write discharge is not generated 
and thus the present state is sustained. That is. the dis- 

20 charge cell of a "non-light-emitting cell" remains as a 
"non-light-emitting cell", while the discharge cell of a 
"light-emitting cell" remains as a "light-emitting cell" At 
this time, only the simultaneous reset process Rc at the 
head sub-field SF12 can have a chance of changing a 

25 discharge cell from the "light-emitting cell" to the "non- 
light-emitting ceir. Therefore, the discharge cell that 
has been changed to a "light-emitting cell" by the selec- 
tive write discharge generated in the pixel data writing 
step Wc of any one of the sub-fields SF12 to SF1 after 

so completion of the simultaneous reset process Rc will 
never change again to a "non-light-em itting cell" in this 
field. Therefore, according to the data patterns of the 
display drive pixel data GD shown in Fig. 55, each dis- 
charge ceil remains as a "non-light-emitting ceir for a 

35 period until the selective write discharge is generated at 
the sub-fields shown by the black circles of Fig. 27. The 
discharge cell repeats sustaining discharge by the 
number of times described in Figs 53A and 53B or Figs. 
54A and 54B at the light-emission sustaining stepes Ic 

40 of the respective sub-fields after the black circles to sus- 
tain the discharge light-emission states. 
[0236] As shown in Fig, 55. this allows gray scale 
drive having the following brightness expression of 13 
levels of halftone when odd fields (odd frames) are dis- 

45 played with the TV signal as the input video signal in 
brightness mode 1. That is. 
{0: 2: 4: 10: 18: 29: 46: 68: 96: 131: 174: 225: 255} 
[0237] The gray scale drive with the following 
brightness expression of 13 levels of halftone is carried 

so out when even fields (even frames) are displayed. That 
is, 

{0: 1:3: 7:13: 23: 37: 56: 81: 112: 151: 198: 255} 
[0238] On the other hand, as shown in Fig. 27, gray 
scale drive having the following brightness expression 
55 of 13 levels of halftone is carried out when odd fields 
(odd frames) are displayed with the PC video signal as 
the input video signal. That is, 
{0: 1 : 3: 7:14: 25: 39: 59: 84: 117: 157: 205: 255} 
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[0239] The gray scale drive with the following 
brightness expression of 13 levels of halftone is carried 
out when even fields (even frames) are displayed. That 
is, 

{0: 1: 3: 7:13: 23: 37: 56: 81: 112: 151: 198: 255} 
[0240] At this time, the brightness expression by 
means of the gray-scale drive is the same as that in the 
case where the selective erase addressing method is 
employed as the pixel data write method. 
[0241] Therefore, even when the selective write 
addressing method is employed, the number of appar- 
ent levels of halftone can be increased appropriately 
according to the type of the video signal designated as 
an input in the same way as the case where the afore- 
mentioned selective erase addressing method is 
employed. 

[0242] Furthermore, in the aforementioned embod- 
iment, the selective erase (write) discharge is to be gen- 
erated by the simultaneous application of the scan 
pulse SP and the high-tension pixel data pulse in one of 
the pixel data writing stepes Wc of the sub-fields SF1 to 
SF12. However, a reduced amount of charged particles 
remaining in discharge cells may cause the selective 
erase (write) discharge to be generated in a normal 
manner. This may cause the wall charges in the dis- 
charge cells not to be erased (built up) in a normal man- 
ner. At this time, even when the A/D-converted pixel 
data D shows low brightness, light-emission corre- 
sponding to the maximum brightness is carried out. thus 
presenting a problem in that the display quality is signif- 
icantly lowered. 

[0243] For this reason, the conversion table used in 
the second data converter 34 is changed from the one 
shown in Fig. 42 and Fig. 55 to the one shown in Fig. 56 
and Fig. 57 for carrying out gray-scale driva Inciden- 
tally. Fig. 56 shows the conversion table used in the sec- 
ond data converter 34 when the selective erase 
addressing method is employed, and the light-emission 
drive pattern to be carried out in one field period. Fig. 57 
shows the aforementioned conversion table and the 
light-emission drive pattern when the selective write 
addressing method is employed. In the foregoing, the 
shown in Fig. 56 and Fig. 57 indicates that any one 
of either logic level "1" or "0" may be selected, and the 
triangular mark indicates that the selective erase (write) 
discharge is carried out only when the is logic level 
"1". 

[0244] According to the display drive pixel data QD 
shown in Fig. 56 and Fig. 57. the "selective erase (write) 
discharge" is carried out successively at least twice. In 
other words, since the initial selective erase (write) dis- 
charge may fail to write pixel data, the selective erase 
(write) discharge is repeated at least in one of the sub- 
sequent sub-fields This ensures pixel data writing and 
prevents accidental light-emission. 
[0245] As described in detail in the foregoing, the 
drive method, according to the present invention, allows 
for carrying out selectively either a first drive pattern or 



a second pattern, depending on the type of input video 
signal. The first drive pattern is allowed to be carried out 
by switching alternately between first and second light- 
emission drive sequences field by field (frame by 
5 frame), which have different ratios of the number of 
times of light-emission performed at each light-emission 
sustaining step during one field (one frame) period. The 
second drive pattern is allowed to be carried out by 
switching alternately between third and fourth light- 
to emission drive sequences field by field (frame by 
frame), which have different ratios of the number of 
times of light-emission performed at each light-emission 
sustaining step. 

[0246] At this time, when the type of input video sig- 
15 na! is the TV signal and the aforementioned first drive 
pattern is selectively carried out, the gray-scale bright- 
ness point obtained by the aforementioned first light- 
emission sequence is designed to have the same 
brightness level as that obtained apparently by the 
20 multi-level gray-scale processing such as error diffusion 
and dither processing by performing the aforemen- 
tioned second fight-emission drive sequence. On the 
other hand, when the type of input video signal is the PC 
video signal and the aforementioned second drive pat- 
as tern is selectively carried out, the gray-scale brightness 
point obtained by the aforementioned third light-emis- 
sion sequence is designed to have a different bright- 
ness level from that obtained apparently by the multi- 
level gray-scale processing such as error diffusion and 
30 dither processing by performing the aforementioned 
fourth light-emission drive sequence. 
[0247] Accordingly, when display is provided 
according to video signals with a relatively low S/N ratio 
such as a TV signal, the number of apparent levels of 
35 halftone can be increased by means of the multi-level 
gray-scale processing such as error diffusion and dither 
processing. Meanwhile, flicker and noise due to dither 
are prevented from being produced. On the other hand, 
when display is provided according to video signals with 
40 a relatively high S/N ratio such as the PC video signal, 
the number of apparent levels of halftone can be 
increased up to approximately two times by means of 
the multi-level gray-scale processing such as the afore- 
mentioned error diffusion and dither processing. 

45 

Claims 

1. A method for driving a plasma display panel 
wherein discharge cells are formed corresponding 
so to pixels at respective intersections between a plu- 
rality of row electrodes disposed in an array for 
respective scan lines and a plurality of column elec- 
trodes deposed in an array crossing said row elec- 
trodes, comprising the steps of: 

55 

executing, in each of N (N being a natural 
number) sub-fields forming a display period of 
one field, a pixel data writing step for setting 
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said discharge cells to either one of non-light- 
emitting celts or light-emitting cells in response 
to pixel data, and a light-emission sustaining 
step for allowing only said light-emitting cells to 
emit light during a light-emission period cone- 5 
spending to each of weights assigned to said 
sub-fields respectively, wherein said light-emis- 
sion period in said light-emission sustaining 
step of each of said sub-fields is changed field 
by field or frame by frame. ro 

2. The method for driving a plasma display panel 
according to Claim 1, wherein said light-emission 
period in said light-emission sustaining step of each 

of said sub-fields is changed between respective 15 
fines of said plasma display panel. 

3. The method for driving a plasma display panel 
according to Claim 1, further comprising the steps 

of: 20 

executing a reset process for resetting ail said 
discharge cells to either one state of light-emit- 
ting cells or non-light-emitting cells only in the 
head portion of said sub-fields during said die- 25 
play period of one field, and 
setting said discharge cells to either non-light- 
emitting cells or light-emitting cells in response 
to pixel data only in said pixel data writing step 
of any one of said sub-fields. 30 

4. The method for driving a plasma display panel 
according to Claim 3, further comprising the steps 
of: 

35 

resetting said all discharge cells to the state of 
said light-emitting cells in said reset process, 
and 

setting said discharge cells to said non-light- 
emitting cells by erase-discharging said dis- 40 
charge cells selectively in response to said 
pixel data in said pixel data writing step. 

5. The method for driving a plasma display panel 
according to Claim 4, wherein, only in said light- 45 
emission sustaining step of said n (n=0 to N) 
respective sub-fields successive from the head of 
said display period of one field, 

said light-emitting cells are allowed for emitting so 
light to perform a drive of. N+1 levels of half- 
tone. 

6. The method for driving a plasma display panel 
according to Claim 5, wherein, among said respec- 55 
tive sub-fields disposed in said one field, the 
number of sub-fields responsible for low-brightness 
light-emission is greater than the number of sub- 



fields responsible for high-brightness light-emis- 
sion. 

7. Hie method tor driving a plasma display panel 
according to Claim 3, further comprising the steps 
of: 

resetting said all discharge cells to the state of 
said light-emitting cells in said reset process, 
and 

setting said discharge cells to said light-emit- 
ting cells by write-discharging said discharge 
cells selectively in response to said pixel data 
in said pixel data writing step. 

8. The method tor driving a plasma display panel 
according to Claim 7. wherein, only in said light- 
emission sustaining step of said n (n=0 to N) 
respective sub-fields successive from the last of 
said display period of one field, 

said light-emitting cells are allowed for emitting 
light to perform drive of N+1 levels of halftone. 

9. The method for driving a plasma display panel 
according to Claim 8, wherein, among said respec- 
tive sub-fields disposed in said one field, the 
number of sub-fields responsible for low-brightness 
light-emission is greater than the number of sub- 
fields responsible for high-brightness light-emis- 
sion. 

10. The method for driving a plasma display panel 
according to Claim 1, further comprising the steps 
of: 

executing a reset process for resetting all said 
discharge cells to either one state of light-emit- 
ting cells or non-light-emitting cells only in the 
head portion of said sub-fields during said dis- 
play period of one field, and 
applying to said column electrodes a first pixel 
data pulse which generates a discharge for set- 
ting said discharge cells to said non-light-emit- 
ting celts or said light- emitting cells in said pixel 
data writing step of any one of the sub-fields of 
said sub-fields, and. in said pixel data writing 
step of said sub-field present immediately 
thereafter, applying to said column electrodes a 
second pixel data pulse which is the same as 
said pixel data pulse. 

11. The method for driving a plasma display panel 
according to Claim 1 , further comprising the step of: 

erase processes for changing all discharge 
c cells to non-light-emitting cells only in said last 
sub-field during said display period of one field. 
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12. The method tar driving a plasma display panel 
according to Claim 1, wherein, only in said light- 
emission sustaining step of said n (n=0 to N) 
respective sub-fields successive from the head of 
said display period of one field, 

said light-emitting cells are allowed for emitting 
light to perform a drive of N+1 levels of half- 
tone. 

13. The method for driving a plasma display panel 
according to Claim 1, wherein, only in said light- 
emission sustaining step of said n (n=0 to N) 
respective sub-fields successive from the last of 
said display period of one field, 

said light-emitting cells are allowed for emitting 
light to perform drive of N+1 levels of halftona 

14. The method for driving a plasma display panel 
according to Claim 1 , wherein the ratio of said light- 
emission periods of said light-emission sustaining 
step of said respective sub-fields is set non-linearty, 
thereby compensating for the non-linear display 
characteristics of input pixel data. 

15. The method for driving a plasma display panel 
according to Claim 14, wherein said non- linear dis- 
play characteristics are the Gamma characteristics. 

16. The method for driving a plasma display panel 
according to Claim 1 , wherein multi-level gray-scale 
processing is applied to said input pixel data. 

17. The method for driving a plasma display panel 
according to Claim 16. wherein said multi-level 
gray-scale processing is an error diffusion process- 
ing and/or dither processing. 

18. The method for driving a plasma display panel 
according to Claim 16, wherein said input pixel data 
is converted to be separated, at a bit boundary, to 
an upper bit group and a lower bit group required for 
said multi-level gray-scale processing before said 
multi-level gray-scale processing is carried out. 

19. The method for driving a plasma display panel 
according to Claim 1 , wherein the start-up timing of 
light-emission drive in said one field differs in a field 
having said different light-emission period in said 
light-emission sustaining step of respective said 
sub-fieW& 

20. The method for driving a plasma display panel 
according to Claim 1, wherein the length of time of 
said pixel data writing step of said sub-field differs in 
a field having said different light-emission period in 
said light-emission sustaining step of respective 



said sub-fields. 

21. A method for driving a plasma display panel 
wherein discharge cells are formed corresponding 

5 to pixels at respective intersections between a plu- 
rality of row electrodes disposed in an array for 
respective scan lines and a plurality of column elec- 
trodes disposed in an array crossing said row elec- 
trodes, comprising the steps of: 

10 

dividing a display period of one field into N sub- 
fields. 

in said respective N sub-fields, executing a 
pixel data writing step for setting said discharge 

is cells to either one of non-light-emitting cells or 

light-emitting cells in response to pixel data, 
and a light-emission sustaining step for allow- 
ing only said light-emitting cells to emit light 
only during a light-emission period correspond- 

20 ing to weights assigned to said respective sub- 

fields, and 

changing said light-emission period in said 
light-emission sustaining step of said respec- 
tive sub-fields line by line in said plasma dis- 
ss play panel. 

22. A method for driving a plasma display panel 
wherein discharge cells are formed corresponding 
to pixels at respective intersections between a plu- 

30 raJrty of row electrodes disposed in an array for 
respective scan lines and a plurality of column elec- 
trodes disposed in an array crossing said row elec- 
trodes, having a light-emission drive sequence 
comprising the steps of : 

35 

executing pixel data writing step for setting, in 
each of N (N being a natural number) divided 
display periods constituting a unit display 
period, said discharge cells to either one of 

40 non-light-emitting cells or light-emitting cells in 

response to N-bit display drive pixel data 
obtained by applying the mufti-level gray-scale 
processing to input video signal in each of said 
divided display periods, and executing a light- 

45 emission sustaining step for allowing only said 

light-emitting cells to emit light by the number 
of times corresponding to each of weights 
assigned to said divided display periods 
respectively, 

so wherein said light-emission drive sequence 

comprises a first drive pattern to be carried out 
by alternating, at intervals of said respective 
unit display period, first and second light-emis- 
sion drive sequences which have ratios of the 

55 number of times of light-emission different from 

each other in said light-emission sustaining 
period of said respective N divided display peri- 
ods, and a second drive pattern to be carried 
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out by alternating, at intervals of said respec- 
tive unit display period, third and fourth light- 
emission drive sequences which have ratios of 
the number of times of light-emission different 
from each other in said light-emission sustain- 5 
ing period of said respective N divided display 
periods, and 

said first drive pattern and said second drive 
pattern are selectively executed in accordance 
with the type of said input video signal. 10 

23. The method for driving a plasma display panel 
according to Claim 22, wherein said input video sig- 
nal is a video signal for a personal computer or a TV 
signal. is 

24. The method for driving a plasma display panel 
according to Claim 22, wherein said unit display 
period is one field or one frame display period of 
said input video signal. 20 

25. The method for driving a plasma display panel 
according to Claim 22, wherein the brightness level 
of respective gray-scale brightness points that are 
obtained by carrying out said first light-emission 2s 
drive sequence coincides with the brightness level 

of respective gray-scale brightness points obtained 
by said multi-level gray-scale processing when said 
second light-emission drive sequence is carried 
out, whereas the brightness level of respective 30 
gray-scale brightness points that are obtained by 
carrying out said third light-emission drive 
sequence differs from the brightness level of 
respective gray-scale brightness points obtained by 
said multi-level gray-scale processing when said 35 
fourth fight-emission drive sequence is carried out 

26. The method for driving a plasma display panel 
according to Claim 22, wherein said ratio of the 
number of times of light-emission of said light- emis- 40 
sion sustaining step of said respective divided dis- 
play periods is set non-linearly, thereby 
compensating for the non-linear display character- 
istics of said input video signal. 

45 

27. The method for driving a plasma display panel 
according to Claim 26, wherein said non-linear dis- 
play characteristics are the Gamma characteristics. 

28. The method for driving a plasma display panel so 
according to Claim 26, wherein said multi-level 
gray-scale processing is carried out before said 
non-linear display characteristics of said input video 
signal are compensated for. 

55 

29. The method for driving a plasma display panel 
according to Claim 22. wherein said multi-level 
gray-scale processing comprises an error diffusion 



processing and/or dither processing, and changes 
cfither coefficients of said dither processing at each 
of said unit display period. 

30. The method for driving a plasma display panel 
according to Claim 22. wherein pixel data corre- 
sponding to said input video signal is separated, at 
a bit boundary, to an upper bit group and a lower bit 
group required for said multi-level gray-scale 
processing before said multi-level gray-scale 
processing is carried out 

31. The method for driving a plasma display panel 
according to Claim 22, further comprising the steps 
of: 

executing a reset process for resetting all said 
discharge cells to either one state of light-emit- 
ting cells or non-light-emitting cells only in the 
head portion of said divided display periods 
during said unit display period, and 
setting said discharge cells to either non-light- 
emitting cells or light-emitting cells in response 
to said display cfrive pixel data only in said pixel 
data writing step of any one of said divided dis- 
play periods. 

32. The method for driving a plasma display panel 
according to Claim 31 , wherein an erase process is 
provided in which all said discharge cells are 
changed from the state of non-light-emitting cells to 
light-emitting cells only in the last period of said 
divided display periods during said unit display 
period. 

33. The method for driving a plasma display panel 
according to any one of Claim 31 , further compris- 
ing the steps of: 

resetting said all discharge cells to the state of 
said light-emitting cells in said reset process, 
and 

setting said discharge cells to said non-light- 
emitting cells by erase-discharging said dis- 
charge cells selectively in response to said dis- 
play drive pixel data in said pixel data writing 
step. 

34. The method for driving a plasma display panel 
according to Claim 33, wherein, only in said light- 
emission sustaining step of respective n (n=0 to N) 
periods of said divided display periods successive 
from the head of said unit display period, 

said light-emitting cells are allowed for emitting 
light to perform drive of N+1 levels of halftone. 

35. The method for driving a plasma display panel 
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according to Claim 34, wherein, among said 
respective divided display periods disposed in said 
unit display period, the number of divided display 
periods responsible for low-brightness light-emis- 
sion is greater than the number of divided display s 
periods responsible for high-brightness light-emis- 
sion. 

36. The method for driving a plasma display panel 
according to any one of Claim 31 , further compris- to 
ing the steps of: 

resetting said ail discharge cells to the state of 
said non-light-emitting cells in said reset proc- 
ess, and is 
setting said discharge cells to said light-emit- 
ting cells by write-dtscharging said discharge 
cells selectively in response to said display 
drive pixel data in said pixel data writing step. 

20 

37. The method for driving a plasma display panel 
according to Claim 36, wherein, only in said light- 
emission sustaining step of respective n (n=0 to N) 
periods of said divided display periods successive 
from the last of said unit display period. 2s 

said light- emitting cells are allowed for emitting 
light to perform a drive of N+1 levels of half- 
tone. 

30 

38. The method for driving a plasma display panel 
according to Claim 37. wherein, among said 
respective divided display periods disposed in said 
unit display period, the number of divided display 
periods responsible for low-brightness fight-emis- 35 
sion is greater than the number of divided display 
periods responsible for high-brightness light-emis- 
sion. 

39. The method for driving a plasma display panel 40 
according to Claim 22. further comprising the steps 

executing reset process for resetting all said 
discharge cells to either one state of light-emit- 4s 
ting cells or non-light-emitting cells only in the 
head portion of said divided display periods 
during said unit display period, 
applying, to said column electrodes, a first pixel 
data pulse for a generating discharge for set- so 
ting said discharge cells to either non-light- 
emitting cells or light-emitting cells in response 
to said display drive pixel data in said pixel data 
writing step of any one of said divided display 
periods, and 55 
applying, to said column electrodes, a second 
pixel data pulse which is the same as said first 
pixel data pulse in said pixel data writing step of 



any one of said divided display periods which is 
present immediately thereafter. 

4a The method for driving a plasma display panel 
according to any one of Claim 22. further compris- 
ing the steps of: 

resetting said all discharge cells to the state of 
said light-emitting cells in said reset process, 
and 

setting said discharge cells to said non-light- 
emitting cells by erase-discharging said dis- 
charge cells selectively in response to said cfis- 
play drive pixel data in said pixel data writing 
step. 

41. The method for driving a plasma display panel 
according to Claim 40. wherein, only in said light- 
emission sustaining step of respective n (n=0 to N) 
periods of said divided display periods successive 
from the head of said unit display period, 

said light-emitting cells are allowed for emitting 
light to perform drive of N+1 levels of halftone. 

42. The method for driving a plasma' display panel 
according to Claim 41, wherein, among said 
respective divided display periods disposed in said 
unit display period, the number of divided display 
periods responsible for low-brightness light-emis- 
sion is greater than the number of divided display 
periods responsible for high-brightness light-emis- 
sion. 

43. The method for driving a plasma display panel 
according to any one of Claim 22. further compris- 
ing the steps of: 

resetting said all discharge cells to the state of 
said non-light-emitting cells in said reset proc- 
ess, and 

setting said discharge cells to said light-emit- 
ting cells by write-discharging said dscharge 
cells selectively in response to said display 
drive pixel data in said pixel data writing step. 

44. The method for driving a plasma display panel 
according to Claim 43, wherein, only in said light- 
emission sustaining step of respective n (n=0 to N) 
periods of said divided display periods successive 
from the last of said unit display period, 

said light-emitting cells are allowed for emitting 
light to perform a drive of N+1 levels of half- 
tone. 

45. The method for driving a plasma display panel 
according to Claim 44, wherein, among said 
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respective divided display periods disposed in said 
unit display period, the number of divided display 
periods responsible for low-brightness light-emis- 
sion is greater than the number of divided display 
periods responsible for high-brightness light-emis- 
sion. 

46. A method for driving a plasma display panel 
wherein discharge cells are formed corresponding 
to pixels at respective intersections between a plu- 
rality of row electrodes disposed in an array for 
respective scan lines and a plurality of column elec- 
trodes disposed in an array crossing said row elec- 
trodes, having a light-emission drive sequence 
comprising the steps of: 

executing pixel data writing step for setting, in 
each of N (N being a natural number) divided 
display periods constituting a unit display 
period, said discharge cells to either one of 
non-light-emitting cells or light-emitting cells in 
response to N-bit display drive pixel data 
obtained by applying the mufti-level gray-scale 
processing to input video signal in said respec- 
tive divided display periods, and executing a 
light-emission sustaining step for allowing only 
said light-emitting cells to emit light only by the 
number of times corresponding to weights 
assigned to said respective divided display 
periods, 

wherein said light-emission drive sequence 
comprises first and second light-emission drive 
sequences which have ratios of the number of 
times of light-emission different from each 
other in said light-emission sustaining period of 
each of said N divided display periods, and 
the brightness level of respective gray-scale 
brightness points that are obtained by carrying 
out said first light-emission drive sequence 
coincides with the brightness level of respec- 
tive gray-scale brightness points obtained by 
said multi-level gray-scale processing when 
said second light-emission drive sequence is 
' carried out. 

47. The method for driving a plasma display panel 
according to Claim 46, wherein said input video sig- 
nal is a TV signal. 



respective scan lines and a plurality of column elec- 
trodes disposed in an array crossing said row elec- 
trodes, having a light-emission drive sequence 
comprising the steps of: 

5 

executing pixel data writing step for setting, in 
each of N divided display periods const rtuing a 
unit display period, said discharge cells to 
either one of non-light-emitting cells or light- 

10 emitting cells in response to N-bit display drive 

pixel data obtained by applying the multi-level 
gray-scale processing to input video signal in 
each of said divided display periods, and 
executing a light-emission sustaining step for 

is allowing only said light-emitting cells to emit 

light by the number of times corresponding to 
weights assigned to said divided display peri- 
ods respectively, 

wherein said light-emission drive sequence 
20 comprises first and second light-emission drive 

sequences which have ratios of the number of 
times of light-emission different from each 
other in said light-emission sustaining period of 
each of said N divided display periods, and 
25 the brightness level of respective gray-scale 

brightness points that are obtained by carrying 
out said first light-emission drive sequence dif- 
fers from the brightness level of respective 
gray-scale brightness points obtained by said 
30 muttt-level gray-scale processing when said 

second light-emission drive sequence is car- 
ried out 

5a The method for driving a plasma display panel 
35 according to Claim 49, wherein said input video sig- 
nal is a video signal from a personal computer. 

) 

51. The method for driving a plasma display panel 
according to Claim 49, wherein said unit display 
40 period is one field or one frame display period of 
said input video signal. 



45 



48. The method for driving a plasma display panel so 
according to Claim 46, wherein said unit display 
period is one field or one frame display period of 
said input video signal. 



A method for driving a plasma display panel 55 
wherein discharge cells are formed corresponding 
to pixels at respective intersections between a plu- 
rality of row electrodes disposed in an array for 
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FIG. 48 
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